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SUMMARY  OF  MEMBERSHIP 

Qbogbaphical 

DecCTiber  31,  1908 
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MINARD  LAFEVER  HOLMAN 

President  op  The  American  Society  op  Mechanical 
Engineers,  1908 

MiNARD  Lapever  Holman,  the  President  of  the  Society  during 
1908,  was  born  June  15,  1852,  in  Mexico,  Maine.  He  is  descended 
from  a  New  England  family,  his  paternal  great  grandfather  being 
Daniel  Holman  of  Maine,  one  of  the  ''Minute  Men"  of  the  Revolu- 
tion. In  1859,  Mr.  Holman's  parents  removed  to  St.  Louis,  where 
his  father,  John  Henry  Holman,  enlisted  in  the  Civil  War.  After 
the  close  of  the  War,  he  was  appointed  Military  Governor  of  Eastern 
North  Carolina,  and  commissioned  Brevet  General. 

Mr.  Holman's  early  education  was  gained  in  St.  Louis,  Missouri, 
and  Chelsea,  Massachusetts,  and  he  was  graduated  from  Washington 
University  in  1874  with  the  degree  of  C.E.,  and  in  1905  the  honorary 
degree  of  Master  of  Arts  was  conferred  upon  him  by  his  Alma  Mater. 

His  first  engagement  after  graduation  was  in  the  supervising  archi- 
tect's office  of  the  United  States  Treasury  at  Washington,  D.  C, 
where  he  remained  two  years,  after  which  he  spent  some  time  in 
Tennessee,  and  upon  returning  to  St.  Louis  entered  the  engineering 
offices  of  Messrs.  Fladd  A  Smith.  In  1877,  when  the  senior  member 
of  the  firm  was  elected  President  of  the  Board  of  Public  Improvements 
of  St.  Louis,  Mr.  Holman  entered  the  Water  Department  of  the  city 
as  a  draftsman,  advancing  until  he  became  principal  assistant  in  the 
department  ten  years  later.  He  then  resigned  to  accept  the  appoint- 
ment of  Chief  Engineer  of  the  Missouri  Street  Railway  Company, 
when  it  was  preparing  to  change  its  system  from  horse  to  cable  trac- 
tion. He  had  just  entered  this  work  when  the  Honorable  David  R. 
Francis,  at  that  time  Mayor  of  St.. Louis,  tendered  him  the  appoint- 
ment as  Water  Commissioner,  in  charge  of  the  entire  water  system 
of  the  city.  Mr.  Holman  immediately  took  up  the  work  of  extend- 
ing and  modernizing  the  system,  the  city  expending  for  this  purpose 
about  $10  000  000. 

During  the  twelve  years  that  he  held  this  office,  he  caused  to  be 
installed  a  new  low-service  pumping  plant  and  six  large  settling 
basins,  and  extended  an  intake  to  the  main  channel  of  the  Mississippi 
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2  MINARD    LAKEVER   HOLMAN 

River.  He  installed  new  pumping  stations,  equipped  with  up-to-date 
machinery,  which  saved  the  city  80  per  cent  of  fuel.  He  introduced 
the  system  of  paying  a  bonus  to  builders  for  high  efficiencies  in 
pumping  engines,  which  has  been  followed  in  the  department  since 
and  has  resulted  in  the  making  of  several  famous  high  duty  records. 
It  was  under  Mr.  Holman's  administration  as  commissioner  that  a 
division  of  the  water  distribution  was  made,  so  that  a  part  of  the  city 
was  supplied  from  one  point  and  the  balance  from  another.  He  also 
inaugurated  the  experiments  in  water  sedimentation  and  purificar 
tion  by  the  aid  of  chemicals.  In  1897  he  visited  Europe  for  the  pur- 
pose of  making  a  study  of  foreign  filtration  systems. 

Mr.  Holman  served  on  the  Board  of  Public  Improvements  of  St. 
Louis,  which  has  charge  of  the  public  engineering  and  structural  work 
of  the  city,  and  as  Chairman  of  the  Committee  on  City  Lighting  had 
charge  of  the  undergrounding  of  the  electric  wires,  and  the  prepara- 
tion of  the  specifications  and  letting  of  contracts  for  the  lighting  of 
streets,  alleys  and  public  buildings. 

During  his  public  service,  Mr.  Holman  always  stood  firm  against 
political  control  of  important  positions,  holding  that  efficiency,  and 
not  political  activity,  should  determine  the  applicant's  fitness  for 
appointment  and  retention.  As  a  result,  his  department  reached  a 
high  state  of  efficiency. 

Upon  the  expiration  of  his  third  term  as  Water  Commissioner, 
Mr.  Hohnan  decided  to  devote  himself  to  private  engineering  practice 
and  opened  an  office  in  St.  Louis.  A  year  later  he  accepted  the 
appointment  of  General  Superintendent  of  the  Missouri  Edison 
Electric  Co.,  which  operated  the  largest  lighting  and  power  plants  in 
the  city.  He  continued  this  work  until  the  sale  of  all  the  local  plants 
to  the  North  American  Syndicate  in  1904,  when  he  formed  a  partner- 
ship with  Mr.  John  A.  Laird  for  private  practice  in  hydraulic  and 
mechanical  engineering. 

Mr.  Holman's  success  in  his  administration  in  the  St.  Louis  Water 
Department  established  him  as  an  authority  in  this  field,  and  he  has 
since  been  called  into  consultation  regarding  problems* in  many 
other  cities,  among  which  are  Kansas  City,  Cincinnati,  Omaha  and 
Denver.  He  served  on  the  Board  of  Appraisers  of  Denver,  which 
determined  the  value  of  the  water  system  of  that  city  and  fixed 
schedules  of  water  rates.  He  has  also  been  called  into  consultation 
from  Canada,  Mexico  and  Germany. 

Mr.  Holman  is  a  member  and  Past-president  of  the  Engineers  Club 
of  St.  Louis;   an  honorary  member  of  the  American  Water  Works 
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Association;  a  member  of  the  American  Society  of  Civil  Engineers 
since  1884,  and  Vice-president  in  1905-1906;  a  member  of  the  Loyal 
Legion  by  inheritance  from  his  father;  and  a  member  of  several  Masonic 
fraternities.  He  has  served  two  terms  as  Vice-president  of  this 
Society,  1894-1896  and  1903-1905,  and  was  chairman  of  the  local 
entertainment  committee  at  the  St.  Louis  Convention  of  the  Society 
in  1896. 

Mr.  Holman  is  a  member  and  president  of  the  Third  Congregational 
Church  of  St.  Louis. 
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CONFERRING  HONORARY  MEMBERSHIP  ON 
MR.  CARNEGIE 

The  inaugural  banquet  of  the  Engineers^  Club  was  made  the 
occasion  for  conferring  Honorary  Membership  in  the  Society  upon 
Andrew  Carnegie.  The  banquet  was  held  at  the  new  club  house, 
No.  32  West  40th  Street,  Monday  evening,  Dec.  9,  1907. 

Andrew  Carnegie,  Mem.  Am.  Soc.  M.  E.,  Samuel  L.  Cfemens  and 
Thomas  A.  Edison,  Mem.  Am.  Soc.  M.  E.,  were  the  guests  of  honor. 
T.  Commerford  Martin,  President  of  the  Club,  was  toast  master. 
In  his  initial  address,  he  paid  tribute  to  the  originality  of  Mr..  Car- 
negie's thought  in  the  simultaneous  recognition  of  the  equal  import- 
ance of  the  social  with  the  technical  side  of  engineering,  as  exem- 
plified in  his  gift  of  a  club  house  for  engineers  and  a  building  for 
the  engineering  societies. 

Mr.  Martin  offered  a  toast,  "  Not  to  the  greatest  iron  master  of  the 
age;  not  to  the  creator  of  a  thousand  and  one  libraries;  not  to  the 
liberd  endower  of  research  and  education ;  not  to  the  rewarder  of  heroic 
self-sacrifice, — but  to  our  benefactor,  our  intimate  and  our  associate, 
our  comrade  and  our  friend, — Andrew  Carnegie." 

Mr.  Carnegie  responded  in  an  address  in  which  he  spoke  of  the 
value  of  recognizing  the  personal  equation.     He  said  in  part: 

"  All  knowledge  is  contributive  to  every  part  of  other  knowledge. 
In  whatever  department  of  engineering  you  are,  you  all  contribute  to 
each  other.  It  is  the  greatest  benefit  to  come  in  contact  with  men 
in  different  departments  of  your  business,  and  I  look  upon  this  club 
as  one  of  the  most  potent  forces  for  producing  splendid  results  that 
has  been  projected." 

He  spoke  of  the  possibilities  of  the  club  for  making  permanent 
friendships,  and  closed  with  the  words  from  Hamlet: 

"I  think  myself  in  nothing  else  so  happy, 
As  in  a  soul  remembering  my  dear  friends, ' 

Mr.  Martin  then  introduced  John  Fritz,  Hon.  Mem.  and  Past  Presi- 
dent, Am.  Soc.  M.  E.,  paying  tribute  to  "the  love  and  sweetness,  the 
purity  and  charity"  of  his  character. 
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Mr.  Fritz  made  the  presentation  speech  of  Honorary  Membership 
in  this  Society  to  Mr.  Carnepie,  and  gave  a  few  reminiscences  of  the 
early  days  of  engineering,  touching  upon  the  difficulties  which 
brought  about  a  closer  association  of  prominent  engineers,  resulting  in 
the  formation  of  the  engineering  societies,  and  afterward  in  the  closer 
association  of  the  engineering  societies  themselves  in  the  magnificent 
home  provided  for  them  by  Mr.  Carnegie.  He  said  in  part,  "  the 
engineer  is  the  most  important  person  upon  the  world's  stage  today, 
whether  the  drama  be  peace  or  war.  Mr.  Carnegie,  in  erecting  these 
magnificent  buildings  and  dedicating  them  to  this  use  and  purpose, 
has  recognized  the  work  and  worth  of  the  engineer,  and  placed  him  in 
a  position  most  justly  his.  The  kindly  feelings  existing  between  the 
engineering  societies  promise  well  for  the  hope  that  through  the 
influence  of  the  engineers,  nations  may  be  drawn  into  closer  bonds, 
and  by  our  united  efforts,  all  flags  entwined  in  an  everlasting  emblem 
of  peace.  May  this  be  the  glory  of  the  engineer,  and  the  crowning 
glory  of  the  Twentieth  Century." 

Mr.  Martin  then  received  from  the  President  and  the  Secretary  of 
The  American  Society  of  Mechanical  Engineers  the  certificate  of  honor- 
ary membership,  and  presented  it  to  Mr.  Carnegie.  The  certificate 
was  signed  by  Thomas  A.  Edison,  Alex.  C.  Humphreys,  E.  R.  Archer, 
John  A.  Brashear,  Charles  H.  Morgan,  John  Fritz,  W.  R.  Warner, 
John  E.  Sweet,  Thos.  Fitch  Rowland,  S.  T.  Wellman,  Charles  Wallace 
Hunt,  and  Charles  H.  Haswell. 

Mr.  Carnegie,  in  accepting  the  certificate,  generously  acknowledged 
his  indebtedness  to  the  engineer,  and  expressed  heartfelt  apprecia- 
tion of  the  honor  conferred  upon  him. 

Mr.  Martin  then  introduced  Samuel  L.  Clemens  (Mark  Twain),  who 
gave  a  characteristically  humorous  speech  on  simplified  spelling, — 
placing  the  blame  for  "  this  new  disaster  upon  the  human  race"  upon 
Mr.  Carnegie.  He  said  that  Mr.  Carnegie  had  attacked  orthography 
at  the  wrong  end;  having  attacked  the  symptoms  and  not  the 
disease,  the  real  disease  being  in  the  alphabet.  John  Foord  spoke  of 
the  Scot  in  America,  and  said  of  them  that  they  had  performed  a 
useful  function  in  the  association  of  the  practical  with  the  ideal. 
"  It  will  take  time  to  show  how  great  are  the  ideals  of  Mr.  Carnegie. 
His  idea  of  beneficence  is  not  to  blunt  the  strength  of  thejpeople 
who  are  the  beneficiaries,  but  to  nerve  them  to  new  effort." 

Mr.  William  H.  Fletcher,  Chairman  of  the  Building  Committee  of 
the  Club,  reported  as  follows:  Cost  of  the  property  $265^000.  Cost 
of  the. house  $545  597.80,  of  which  $450  000  was  received  from  Mr. 
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Carnegie.  Cost  of  furnishing  the  Club  $57  285.31.  Making  the  total 
coet  of  the  building  and  land  $867  883.11. 

The  total  indebtedness  of  the  Club:  mortage  to  the  Bowery  Savings 
Bank  of  $110  000,  and  bonds  sold  to  members  $200  000,  making  a 
total  of  $310  000,  leaving  an  equity  of  $557  883.11. 

Mr.  Martin,  in  a  closing  speech,  acknowledged  the  valuable  gifts  to 
the  club  from  prominent  manufacturing  concerns,  ^or  its  power 
house  equipment; 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


MONTHLY  MEETINGS 


HELD  IN  NEW  YORK 
JANUARY  14,  FEBRUARY  11,  MARCH  10,  APRIL  14, 

MAY  12,  1908 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


REGULAR  MONTHLY  MEETINGS 

THE  JANUARY  MEETING 

The  January  meeting  was  held  in  the  Engineering  Societies*  Build- 
ing on  Tuesday  evening,  January  14,  at  8:15  o'clock,  John  W.  lieb, 
Jr.,  Vice-president,  presiding. 

"  Car  Lighting"  was  the  subject  of  a  paper  presented  by  R.  M.  Dixon, 
Mem.  Am.  See.  M.  E.  It  was  discussed  by  George  R.  Henderson,  H. 
K  Brooks,  Lamar  Lyndon,  B.  P.  Flory,  R.  E.  Bruckner, W.  E.  Ver 
Planck,  W.  D.  Young  and  George  L.  Fowler. 

THE  FEBRUARY  MEETING 

Members  and  others  interested  in  the  formation  of  a  Gas  Power 
Section  assembled  in  the  rooms  of  the  Society  in  the  Engineering 
Societies  building  at  7:30^p.m.  on  February  11. 

The  meeting  was  called  to  order,  and  Dr.  C.  E,  Lucke  was  chosen 
Chairman  and  H.  H.  Suplee,  Secretary. 

The  Secretary  of  the  meeting  then  read  the  rules  for  the  formation 
of  Professional  Sections  prepared  by  a  special  committee  of  the  Society 
consisting  of  F.  R.  Hutton,_R.  H.  Fernald,  A.  C.  Humphreys,  H.  H. 
Suplee  and  F.  W.  Taylor.  These  rules  having  *  been  previously 
approved  by  the  Council,  thejprospective  members  of  the  section  also 
approved  them  and  proceeded  to  organize  under  them. 

In  substance  they  stated  that  a  section  must  be  oflScered  by  mem- 
bers of  the  Society  and  that  all  ordinary  expenses  will  be  borne  by  the 
Society.  Extraordinary  activities  may  be  carried  on  as  a  section  may 
elect,  but  at  its  own  expense. 

The  intent  of  the  Society  is  to  give  opportunity  for  any  of  its  mem- 
bers to  specialize  without  being  obliged  to  form  a  new  body.  It 
further  provides  that  persons  not  members  of  the  Society  may  enroll 
M  aflUiates  of  a  section.  Thus  the  Society  places  at  the  disposal  of 
'Actions  or  affiliated  bodies  the  benefit  of  the  organization  of  the 
Society. 

An  executive  committee  of  five. was  chosen  as  follows:  the  Chair 
appointed  Jesse  M.  Smith  and  Albert   A.   Carv.   a  committee  to 
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prepare  nominations;  R.  H.  Fernald,  G.  I.  Rockwood,  F.  H.  Stillman, 
F.  R.  Low  and  H.  H.  Suplee  were  nominated,  and  no  further  nomina- 
tions being  offered,  a  vote  was  taken  and  they  were  unanimously 
elected. 

The  name  of  Dr.  Chas.  E.  Lucke  was  then  presented  for  Chairman 
of  the  Section,  and  he  was  unanimously  elected  to  serve  one  year  from 
December  6,  1907. 

The  meeting  then  adjourned  to  reassemble  in  the  main  auditorium 
where  the  following  professional  papers  were  presented  and  discussed, 
Prof.  C.  E.  Lucke  presiding. 

"A  Continuous  Gas  Cdorimeter"  (No.  1187  in  this  volume), 
by  Dr.  Chas.  E.  Lucke.  Mem.  Am.  Soc.  M.  E. 

This  included  a  description  of  the  Junker  calorimeter,  and  of  several 
modifications  which  had  been  made  to  render  such  devices  continuous 
in  their  readings,  followed  by  a  description  of  the  improved  calori- 
meter invented  by  the  author  of  the  paper,  in  which  the  ratio  of  the 
flow  of  gas  and  water  was  maintained  constant,  enabling  the  calorific 
value  of  the  gas  to  be  determined  at  any  moment  by  the  simple  inspec- 
tion of  temperatures.  The  addition  of  thermo-electric  recording 
apparatus  to  the  calorimeter  enables  it  to  furnish  continuous  records. 
The  paper  was  illustrated  by  lantern  slides. 

"Recent  French  Experimental  Gas  Turbines"  by  H.  H.  Suplee, 
Mem.  Am.  Soc.  M.  E. 

This  was  an  exhibition  of  lantern  slides  of  the  300  h.p.  gas  turbine 
constructed  by  the  SocUU  des  Turbomoteurs  of  St.  Denis,  from  the 
designs  of  Messrs.  Armengaud  and  Temale,  as  well  as  of  the  high- 
pressure  multiple-turbine  air  compressor  designed  by  Rateau  for  use 
in  connection  with  gas  turbine  experiments. 

'Gas  Engine  and  Producer  Guarantees"  by  Dr.  Chas.  E.  Lucke, 
Mem.  Am.  Soc.  M.  E. 

After  considerable  discussion,  in  which  the  importance  of  greater 
definiteness  in  guarantees  was  generally  admitted  and  urged,  it  was 
voted  that  the  Chair  be  directed  to  appoint  a  committee,  of  which 
Dr.  Lucke  should  be  a  member,  to  examine  the  subject  and  report  to 
the  Section. 

"A  Gas  Electric  Car"  by  H.  G.  Chatain,  Mem.  Am.  Soc.  M.  E. 

Mr.  Chatain  described  the  car  built  from  his  designs  by  the  General 
Electric  Company  at  Schenectady,  and  now  undergoing  tests.  This 
includes  an  eight-cylinder  gasolene  engine,  direct-connected  to  a 
dynamo,  furnishing  current  for  electric  motors  on  the  trucks.  The 
engine  is  of  125  horse  power,  and  the  car  weighs  about  31  tons,  the 


Digitized  by  VjOOQIC 


SOCIETY    AFFAIRS  13 

engine  having  driven  the  car  at  a  speed  of  more  than  50  miles  an 
hour. 

THE  MARCH  MEETING 

The  monthly  meeting  for  March,  held  in  the  Engineering  Societies' 
Building,  on  March  10  at  8:15  o'clock,  was  well  attended.  Prof.  L.  P. 
Breckenridge,  Vice-president  of  the  Society   presiding. 

A  paper,  "The  Steam  Path  of  the  Turbine/'  was  presented  by  Dr. 
Charles  P.  Steinmetz,  Mem.  Am.  Soc.  M.  E. 

It  was  discussed  by  Prof.  C.  H.  Peabody,  S.  L.  Kneass, .  Prof.  S. 
A.  Reeve  and  H.  E.  Longwell. 

THE  APRIL  MEETING 

The  Conservation  of  our  Natural  Resources 

The  April  meeting  of  the  Society,  held  in  the  Engineering  Socie- 
ties building  on  April  14,  at  8.15  o'clock,  was  devoted  to  the  Con- 
servation of  our  Natural  Resources,  in  response  to  the  invitation 
by  the  President  of  the  United  States  to  codperate  for  conserving 
the  natural  resources  of  our  coimtry. 

The  Society  extended  a  general  invitation  to  members  of  the  entire 
engineering  profession  to  attend  this  meeting  and  prominent  repre- 
sentatives of  the  four  national  engineeriQg  societies  were  seated  on 
the  platform  with  the  speakers  of  the  evening. 

John  W.  Lieb,  Jr.,  Vice-President  of  the  Society,  was  chairman 
of  the  meeting  and  in  his  opening  remarks  extended  a  welcome 
to  the  distinguished  speakers,  to  the  officers  and  representatives  of 
aster  engineering  societies  and  to  the  guests. 

Four  addresses  were  given  as  follows: 

"The  Conservation  of  the  Waters  and  Woods,"  by  Dr.  W  J 
McGee,  Secretary  of  the  Inland  Waterwajrs  Commission,  represent- 
ing the  United  States. 

"The  Conservation  of  the  Nation's  Fuel  Supply,"  by  Dr.  W.  F.  M. 
Goss,  Dean  of  the  College  of  Engineering,  University  of  Illinois. 

"The  Conservation  of  Stream  Flow,  Water  Power,  and  Navigation," 
by  Dr.  George  F.  Swain,  Director  of  the  Department  of  Civil  Engineer- 
ing, Massachusetts  Institute  of  Technology. 

"The  Relation  of  the  Engineer  to  the  Body  Politic, "  by  Dr.  Henry 
S.  Pritchett,  president  of  the  Carnegie  Foundation  for  the  Advance- 
ment of  Teaching.. 
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At  the  close  of  the  addresses  a  number  of  lantern  slides  were 
shown  by  Dr.  McGee. 

Several  letters  were  read  by  the  Secretary,  among  which  was  the 
following  from  the  President  of  the  United  States: 


THE   WHITE    HOUSE,    WASHINGTON 

April  13,  1908. 
Mr.  Calvin  W.  Rice,  Secretary ,  The  American  Society  of  Mechanical  Engineers, 

29  West  S9lh  Street,  New  York. 
My  dear  Mr.  Rice: 

I  regret  that  time  did  not  permit  me  when  you  were  here  to  tell  you  how  grati- 
fied I  am  with  the  zeal  and  interest  which  the  members  of  the  engineering  profes- 
sion are  taking  in  the  movement  to  conserve  our  natural  resources. 

It  is  the  duty  of  all  our  citizens  to  exercise  foresight  in  these  matters,  but  it  is 
peculiarly  the  duty  of  the  engineer,  who  is  in  fact  a  trustee  of  the  forces  of  nature. 
Above  all  men  the  engineer  is  responsible  for  seeing  that  our  natural  resources  are 
not  wasted  and  that  their  development  is  for  the  common  good  and  for  the  con- 
tinuance of  the  welfare  of  our  citizens. 

I  was  particularly  pleased  with  the  resolutions  passed  by  your  Council  and 
indeed  with  the  cooperation  of  all  engineering  bodies  in  bringing  this  matter 
forcibly  to  the  attention  of  all  the  people.  I  am  sorry  that  I  can  not  be  with 
you  on  Tuesday  evening  to  hear  the  addresses,  but  I  extend  to  all  the  engineers 
my  heartiest  good  wishes. 

Sincerely  yours, 
[Signed]  Theodore  Roosevelt 

The  following  telegram  was  received  from  President  Schurman  of 
Cornell  University,  recently  appointed  by  the  Governor  of  New  York 
as  one  of  the  delegates  to  accompany  him  to  the  Washington  confer- 
ence: 

Ithaca,  N.  Y.,  April  14,  1908. 
Secretary  Calvin  W.  Rice  29  West  S9th  Street,  New  York. 

Regret  I  cannot  attend  engineers  meeting  today.  I  attach  greatest  impor- 
tance to  your  deliberations  on  conservation  of  the  country's  natural  resources. 

J.  G.  Schurman. 

Mr.  Lieb  then  announced  that  the  purpose  of  the  meeting  was  to 
discuss  the  nature  and  extent  of  our  resources;  the  demands  which 
have  been  made  upon  them  in  the  past,  and  which  may  be  expected  in 
the  future;  whether  our  use  of  them  has  been  economical  or  wasteful; 
and  suggestions  in  the  direction  of  future  pubUc  policies  which  may 
lead  to  a  more  efficient  utilization  and  a  wiser  conservation  of  our 
natural  resources.  He  reminded  the  audience  that  our  first  President, 
the  immortal  Washington,  himself  an  engineer  of  ability,  was  at  the 
time  of  his  election  president  of  the  Delaware  and  Chesapeake  Canal 
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Company,  and  now  the  President  of  the  United  States  following  in  the 
footsteps  of  his  predecessor  has  created  a  commission  on  inland  water- 
ways whose  duty  it  is  to  formulate  a  broad  policy  for  the  protection 
and  control  of  our  water  supply. 

Then  followed  the  first  address,  by  Dr.  W  J  McGee,  Secretary  of 
the  Inland  Waterways  Commission,  of  which  the  following  is  an 
abstract: 

THE  CONSERVATION  OP  THE  WATERS  AND  WOODS,  BY    DR.    W  J  MCOEE 

Dr.  McGee  pronounced  the  subject  of  conservation,  touching,  as 
it  does,  the  conditions  of  the  perpetuity  of  our  Nation,  the  most 
important  we  have  ever  had  to  consider.  He  said  what  the  country 
specially  needs  today  is  a  mental  and  moral  revolution  and  awakening 
by  the  individual  to  a  sense  of  obligation  for  the  preservation  of  the 
gifts  of  nature,  not  only  for  the  present  generation,  but  for  all  the 
generations  to  come.  He  spoke  especially  of  the  water  as  one  of  the 
important  resources  to  be  conserved.  The  average  rainfall  over  the 
mainland  of  the  United  States  is  about  thirty  inches,  or  about  200  000- 
OOOOOO  OCO  cu.  ft.  per  year,  which  would  make  about  ten  lower  Mis- 
sissippi. Just  as  soon  as  our  population  and  industries  have  increased 
to  such  an  extent  as  to  consume  this  annual  rainfall,  we  shall  have 
reached  the  limit  of  our  development,  unless  by  that  time  human 
ingenuity  has  devised  some  way,  recognized  by  only  a  few  of  our 
scientists  at  the  present  time,  of  producing  water  in  addition  to  that 
we  receive  from  the  heavens. 

Dr.  McGee  said  that  about  three-fifths  of  the  rainfall  is  evaporated 
and  serves  to  temper  the  air,  producing  dews,  fogs,  and  regulating  the 
temperature;  about  one-fifth  passes  deeply  into  the  earth,  or  is  con- 
sumed in  various  chemical  combinations  on  the  earth's  surface; 
the  other  fifth  flows  down  to  the  sea.  It  is  for  the  conservation  of 
this  one-fifth  that  the  people  of  the  United  States  should  be  most 
concerned. 

There  is  no  diminution  in  the  rainfall  or  the  precipitation  on  the 
surface,  but  too  much  water  flows  away  on  the  surface,  producing 
torrents  in  the  streams  and  the  chain  of  evils  following. 

Our  injudicious  treatment  of  water,  our  failure  to  appreciate  its 
importance,  is  greatly  influencing  navigation.  The  Ohio  river  is  an 
example.  At  Cincinnati  it  has  a  range  from  low  water  to  flood  water 
of  more  than  50  ft.,  so  that  it  is  extremely  difficult  to  maintain 
temiinals  in  such  a  manner  as  to  render  the  Ohio  an  efifectively  navi- 
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gable  stream.  These  floods  are  constantly  increasing  because  of  the 
deforestation  at  the  headwaters  of  mountains  and  foothills  in  which 
the  waters  first  gather,  so  that  the  soil  is  no  longer  a  great  sponge, 
drinking  in  the  water  and  giving  it  back  slowly,  but  sheds  it  with  a 
rapidity  which  gathers  it  in  torrents,  and  the  torrents  in  turn  take 
millions  of  tons  of  soil  on  the  way  and  deposit  them  in  the  channels 
of  the  stream,  an  obstruction  to  navigation.  The  navigability  of  our 
streams  on  the  whole  today,  is  much  less  than  it  was  at  the  time  of 
the  first  settlement  of  each  district. 

Dr.  McGee  further  said:  The  soil  is  one  of  the  assets  of  the  earth 
which  is  only  lately  recognized  by  this  nation.  It  is  the  original 
vegetable  humus,  the  accumulation  of  centuries,  even  of  milleniums. 
The  Mississippi  valley  alone  is  losing  every  year  more  than  600  000- 
000  tons  of  richest  soil  matter  through  soil  erosion,  and  the  entire 
United  States  is  losing  somewhere  between  1  000  000  000  and  2  000- 
000  000  tons.  Considering  the  lowest  price  of  this  soil  as  a  fertilizer, 
which  cannot  be  less  than  $1  a  ton,  the  farmers  of  the  United  States, 
through  soil  erosion  alone,  are  paying  an  annual  tax  of  between 
$1  000  000  000  and  $2000000000,  which  is  absolutely  without  return. 

The  loss  of  our  soil  means  the  loss  of  our  forests;  the  exhaustion 
of  our  iron  ores;  the  exhaustion  of  our  coals.  To  consider  one  rela- 
tion between  coal,  iron  and  water,  where  rivers  are  navigable,  it 
requires  only  about  one-tenth  as  much  iron  to  carry  a  given  cargo  of 
freight  by  water  as  to  carry  the  same  cargo  by  rail,  so  that  improve- 
ment in  our  navigation  will  diminish  the  tax  on  our  iron  ores.  It 
requires  to  carry  each  ton  of  freight  only  about  one-eighth  (depending 
of  course  on  the  speed  movement)  as  much  coal  to  carry  the  freight 
on  water,  as  is  required  to  carry  the  same  freight  by  rail,  so  that 
improvement  of  navigation  will  cut  down  the  rate  of  consumption  of 
coal,  at  least  relatively.  These  are  among  the  relations  that  might 
be  multiplied  indefinitely. 

THE   CONSERVATION   OF  THE   NATION'S   FUEL   SUPPLY,    BY 
DR.    W.    F.   M.   GOSS 

Abstract 

This  subject  was  presented  by  the  speaker  under  four  headings: 
The  Value  of  Fuels,  The  Production  of  Fuels,  Lack  of  Economy  in 
the  Use  of  Fuel,  and  How  Economy  of  Fuel  is  to  be  Secured. 

Under  the  first  heading  striking  illustrations  were  given  of  the 
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magnitude  of  the  mining  and  allied  industries.  In  1850  there  were 
mined  in  the  United  States  6  000  000  tons  of  coal,  and  since  this  date 
the  annual  production  has  more  than  doubled  every  ten  years,  until  in 
1906  it  reached  the  enormous  amount  of  414  000  000  tons. 

In  addition  to  these  414  000  000  tons  of  anthracite  and  bituminous 
coal  mined,  there  were  drawn  to  the  surface  nearly  400  000  000  000  cu. 
ft.  of  natural  gas  weighing  over  9  000  000  tons  and  126  000  000  barrels 
of  oil  weighing  approximately  17  000  000  tons.  Summarizing  these 
gives  the  enormous  total  of  440  000  000  tons,  an  amount  so  great  as  to 
challenge  the  imagination. 

Fancy  it  all,  for  example,  to  have  the  form  of  marketable  size 
bituminous  coal  and  to  be  dumped  into  a  windrow  of  triangular  cross 
section,  piled  to  a  height  of  32  ft.,  with  a  width  of  base  of  46  ft.  Such 
a  pile  would  be  as  high  as  an  ordinary  two-story  pitched-roof  house. 
It  would  contain  nearly  30  tons  per  foot  run,  while  the  length  of  the 
windrow  would  be  suflScient  to  reach  from  New  York  to  San  Fran- 
cisco. This  measures  the  annual  rate  of  production  at  the  present 
day  only;  what  will  be  the  rate  10,  50,  or  100  years  hence? 

Under  the  second  heading  Dr.  Goss  recounted  some  of  the  wasteful 
methods  of  mining.  The  tendency  in  many  districts  is  to  accomplish 
with  powder  what  ought  to  be  done  with  pick  or  machine.  Exces- 
sive charges  are  common,  which  increases  the  percentage  of  fine  coal, 
in  many  mines  never  hoisted.  Heavy  explosions  not  infrequently 
bring  down  the  roof  of  the  mine  over  large  areas  of  coal  which  under 
present  day  conditions  cannot  be  successfully  opened  up  again. 
When  a  good  layer  of  coal  is  overlaid  by  one  or  more  thinner  layers 
which  cannot  be  worked  with  the  same  facility  as  the  layer  below,  it 
is  common  practice  to  take  out  the  coal  below  and  to  permit  the  roof 
above  to  cave  in,  destroying  the  continuity  of  the  thinner  layers 
above,  making  subsequent  mining  operations  impossible. 

Or  the  coal  above  may  be  heavy  and  of  satisfactory  quality,  but 
seamed  with  thin  layers  of  shale  or  slate,  so  that  the  expense  of 
separating  it  from  its  impurities  makes  it  unattractive  and  it  is 
consequently  not  taken  out.  Again,  the  presence  of  abnormal 
amounts  of  sulphur  in  portions  of  a  layer  of  coal  otherwise  satisfac- 
tory may  result  in  the  partial  removal  of  a  single  heavy  layer,  the 
undesirable  portions  being  left  as  abandoned  property.  It  is  esti- 
mated by  one  high  in  authority,^  whose  experience  has  been  chiefly 
in  the  Appalachian  field,  that  approximately  50  per  cent  of  the  coal 
in  the  mines  never  gets  to  the  surface. 

*  I.  C.  White,  State  Geologist  of  West  Virginia. 
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In  the  production  of  oil  actual  waste  has  probably  not  been  great, 
although  the  supply  has  been  heavily  drawn  upon.  The  waste  of 
natural  gas,  however,  has  been  very  great.  In  1891  it  was  estimated 
by  Mr.  Gorby,  State  Geologist  of  Indiana,  that  the  amount  of  gas 
daily  consumed  at  the  wells  and  actually  wasted  was  in  excess  of 
100  000  000  cu.  ft.  Since  that  time  the  wastes  have  been  allowed  to 
continue.  Twelve  years  later  a  pipe  line  delivering  1  000  000  cu.  ft. 
a  day  was  found  to  be  leaking  six  times  the  volume  it  delivered.  As 
the  supply  of  gas  diminished,  oil  appeared  and  old  gas  wells  were 
uncapped  for  the  purpose  of  blowing  down  the  pressure  to  promote 
the  flow  of  oil.  Under  the  influence  of  heavy  legitimate  consump- 
tion and  of  these  wastes,  the  Indiana  field  is  now,  seventeen  years 
after  Mr.  Gorby  made  the  statement  above  referred  to,  practically 
dry.  Fuel  sulEcient  in  quantity  to  have  served  generations  of  people 
was  squandered  in  a  period  of  two  decades. 

Under  the  third  topic  the  speaker  called  attention  to  the  fact  that 
in  every  movement  of  fuel,  from  the  point  of  production  to  the  stack 
of  the  furnace  in  which  it  is  used,  loss  occurs  which,  by  the  exercise 
of  attention,  may  be  reduced  or  entirely  eliminated. 

The  greater  part  of  the  fuel  supply  is  consumed  in  industrial  proces- 
ses, a  comparatively  small  quantity  being  required  to  keep  the  nation 
warm.  Nearly  one-fourth  of  the  total  output,  or  about  100  000  000 
tons,  goes  to  the  railroads  and  is  for  the  most  part  consumed  in  loco- 
motive fireboxes;  that  is,  51  000  locomotives  are  today  burning  coal 
at  a  rate  which  is  in  excess  of  the  rate  of  total  production  25  years 
ago.  Approximately  20  per  cent  of  the  coal  supplied  locomotives  is 
used  in  starting  fires,  or  in  keeping  the  machine  hot  while  standing  on 
side  tracks,  or  is  left  in  the  firebox  at  the  end  of  the  run.  Sixteen 
million  tons  of  the  annual  consumption  are  thus  accounted  for. 
From  8  to  10  per  cent  of  the  remainder  is  discharged  as  unconsumed 
fuel  from  the  stack  during  the  operation  of  the  locomotive  and  the 
remainder  is  required  for  the  generation  of  steam. 

If  American  locomotives  were  of  a  more  highly  developed  type 
such  as  are  employed  for  foreign  service,  if  they  were  designed 
with  compound  cylinders  or  with  superheaters,  the  amount  of  fuel 
required  would  be  less  and  the  annual  coal  consumption  would  be 
reduced  6  000  000  to  10  000  000  tons. 

The  use  of  coal  in  the  manufacturing  industries  of  the  country  is 
on  the  whole  probably  not  attended  by  a  higher  degree  of  eflSciency 
than  that  which  prevails  on  railways.  Everywhere  there  are  evi- 
dences of  bad  or  imperfect  practices. 
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In  pointing  out  how  economy  of  coal  is  to  be  secured,  Dr.  Goss 
said  the  necessary  steps  are: 

a  Scientific  research  for  the  establishment  of  facts; 
6  Practical  development  of  the  facts  thus  developed  on  a  scale 
which  will  convince  men  that  there  is  profit,  direct  or 
indirect,  in  a  better  practice; 
c  Restrictive  legislation  which  will  protect  the  public  from  the 

competition  of  unscrupulous  men; 
d  Effective  inspection  which  will  secure  enforcement  of  laws. 
The  process  must  begin  with  education — ^not  with  coercion. 
The  speaker  then  showed  how  improvement  could  be  secured  at 
the  mines  through  a  better  understanding  of  the  use  of  explosives 
and  regulation  of  their  use,  referring  to  the  improved  practice  in 
England  in  this  regard.  Processes  must  be  developed  for  working 
coal  above  ground  whereby  inferior  grades  may  be  better  adapted  to 
use.  Fine  coal  must  be  washed  and  if  this  is  not  sufficient  to  give 
them  a  market  they  must  be  coked  or  briquetted.  Slaty  and  sul- 
phurous coals  must  be  crushed  and  washed  and  processes  now  undis- 
covered must  be  called  into  service  to  make  it  profitable  to  hoist  from 
the  mine  every  ounce  of  available  fuel.  Wherever  it  can  be  shown  that 
such  processes  are  practicable,  it  is  but  reasonable  to  compel  their  use. 
In  the  matter  of  the  economical  use  of  fuel  we  still  have  much  to 
leam,  a  statement  emphasized  by  the  fact  that  the  problem  relates 
largely  to  the  use  of  bituminous  fuels,  of  all  fuels  the  most  difficult 
to  handle.  The  task  of  learning  how  to  bum  efficiently  and  without 
smoke  the  good  and  bad  soft  coals  of  our  country  is  a  task  assigned 
to  the  present  generation,  and  The  American  Society  of  Mechanical 
Engineers  constitutes  the  strongest  single  influence  in  this  work. 

It  has  not  yet  been  shown  as  a  commercial  proposition  how  small, 
soft  coal  fires  under  boilers  can  be  maintained  without  smoke.  No 
laws  have  been  deduced  to  define  the  desirable  length  of  flameway 
for  coals  of  different  compositions.  The  possibility  of  a  much  more 
general  application  of  the  gas  producer,  both  as  an  individual  piece 
of  apparatus  and  as  a  detail  in  furnace  construction,  are  yet  before 
us.  These  and  many  sinwlar  matters  are  fundamental  in  the  develop- 
ment of  a  more  economical  practice. 

The  conservation  of  our  fuel  resources  is  an  engineering  problem  and 
it  will  yield  to  treatment  in  proportion  to  the  engineering  skill  which 
is  concentrated  upon  it.  The  matter  is  of  national  importance  and 
should  receive  national  attention. 
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THE    CONSERVATION  OF   STREAM  FLOW,  WATER    POWER  AND    NAVIGA- 
TION,  BY  PROF.   GEORGE   F.   SWAIN 

Abstract 

In  opening  his  address  Professor  Swain  drew  a  parallel  between  the 
individual  and  the  nation,  and  said  it  is  always  a  delicate  task  to 
induce  either  an  individual  or  a  people  to  live  prudently  and  husband 
its  resources.  This  country,  like  almost  all  others,  has  erred  both  in 
unduly  drawing  upon  its  natural  resources  beyond  the  power  of 
reproduction  to  support  the  consumption,  when  such  power  exists; 
and  also  by  waste  and  extravagance,  imaccompanied  by  any  corre- 
sponding good. 

Turning  to  the  subject  of  water,  he  said  that  when  the  country  had 
a  small  population  pure  water  could  be  had  in  unlimited  quantity. 
But  with  the  recklessness  characteristic  of  the  human  race  we  allowed 
our  streams  to  become  polluted,  and  the  public  health  endangered. 
Our  streams  should  not  only  be  preserved  in  volume,  but  in  purity. 
Much  depends,  also,  upon  the  preservation  of  the  regularity  of  stream 
flow,  and  streams  may  be  preserved  and  regulated  in  two  ways: 
a  By  the  preservation  of  forests; 
b  By  constructing  reservoirs. 

The  preservation  of  forests  appeals  to  us  both  as  a  source  of  supply 
of  important  material  and  as  a  means  of  affecting  stream  flow.  Waste 
and  fire  have  so  reduced  our  originally  magnificent  forests  that 
now  we  are  told  there  is  but  20  years'  supply  left. 

It  is  improbable  that  forests  increase  the  total  rainfall  or  run-off. 
Indeed  there  are  reasons  for  thinking  that  they  sometimes  decrease 
the  total  nm-off .  Trees  intercept  about  one-fourth  the  total  rainfall 
by  their  leaves  and  branches,  not  allowing  it  to  reach  the  ground;  they 
also  absorb  considerable  moisture  by  their  roots,  to  be  evaporated 
through  their  leaves;  but  these  losses  are  more  than  compensated  for 
by  the  reduction  of  evaporation  of  water  from  the  ground  or  from 
water  surfaces,  which  is  only  about  one-fourth  to  one-third  as  great 
in  forests  as  in  cleared  ground.  The  forests  act  as  a  shield  against 
the  wind,  cool  the  air  and  increase  the  relative  humidity.  Some 
writers  claim  that  forests  evaporate  immense  quantities  of  water,  but 
as  Ebermayer  found  the  total  amount  of  moisture  in  the  air  to  be 
almost  the  same  in  forests  as  in  cleared  ground,  we  may  dismiss  this 
contention;  and  we  furthermore  have  the  conclusion  of  Risler  that 
forests  evaporate  less  than  grass  land. 
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Facts  were  also  cited  to  prove  that  forests  are  regulators  of  flow 
and  that  whether  they  increase  or  decrease  the  total  run-oflf  is  un- 
important; for  the  value  of  a  stream  depends  not  upon  its  total  flow, 
but  upon  the  regularity  of  that  flow.  The  humus  of  a  forest  is  a 
great  sponge  which  absorbs  the  water  and  gradually  gives  it  out. 

Examples  were  quoted  of  the  effect  of  removing  forests.  In 
France  a  small  spring  flowed  from  a  cleared  area,  a  forest  of  firs  was 
allowed  to  grow  up,  the  spring  broke  forth  in  much  larger  volume, 
and  for  40  or  50  years  was  considered  the  best  in  the  neighborhood. 
Finally  the  woods  were  cut  oflf,  the  spring  dwindled,  and  condi- 
tions became  as  they  were  90  years  before.  Becquerel,  Marsh,  and 
other  writers  give  many  examples  showing  that  the  cutting  down  of 
the  forests  has  been  followed  by  the  drying  up  of  springs,  the  lowering 
of  lakes,  and  an  increasing  irregularity  in  the  flow  of  rivers. 

Hough,  in  his  Elements  of  Forestry,  says: 

The  Khanate  of  Bucharia  presents  a  striking  example  of  the  consequences 
brought  upon  a  country  by  clearings.  Within  a  period  of  30  years  this  was  one  of 
the  most  fertUe  regions  of  central  Asia,  a  country  which,  when  well  wooded  and 
watered,  was  a  terrestrial  paradise.  But  within  the  last  25  years  a  mania  for 
elearing  has  seized  upon  its  inhabitants  and  all  the  great  forests  have  been  cut 
away,  and  the  little  that  remained  was  ravaged  by  fire  during  a  civil  war.  The 
consequence  was  not  long  in  following  and  has  transformed  the  country  into  a 
kind  of  arid  desert.  The  water  courses  are  dried  up  and  the  irrigating  canals 
empty.  The  moving  sands  of  the  desert,  being  no  longer  restrained  by  barriers 
of  forests,  are  every  day  gaining  upon  the  land,  and  will  finish  by  transforming  it 
into  a  desert  as  desolate  as  the  solitudes  that  separate  it  from  Khiva. 

Forests  diminish  the  violence  of  floods.  A  wooded  surface  can 
never  pour  forth  such  deluges  as  flow  from  cleared  land,  or  especially 
from  unwooded  mountain  slopes,  and  the  forests  on  these  should  be 
protected,  especially  as  such  land  is  not  suited  to  agriculture. 

hi  the  French  Department  of  Lozere,  which  was  among  those  most  severely 
injured  by  the  inundations  of  1866,  it  was  everjrwhere  remarked  that  the  ground 
covered  with  wood  sustained  no  damage,  even  on  the  steepest  slopes,  while  in 
cleared  and  cultivated  fields  the  very  soil  was  washed  away  and  the  rocks  laid 
bare  by  the  pouring  rain. 

If  forests  are  cut  down  and  not  replaced,  we  must  therefore  expect 
an  increasing  irregularity  of  flow  of  streams.  We  must  not,  however, 
claim  too  much,  or  expect  that  by  allowing  forests  to  grow  freshets 
can  be  entirely  done  away  with.  If  fire  follows  lumbering,  as  is 
often  the  case,  the  soil  is  damaged  and  the  trees  cannot  grow  upon  it 
for  a  long  period. 
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It  is  not  necessary  to  emphasize  the  importance  of  water  power  to 
an  audience  of  engineers.  Many  of  our  industries  came  into  existence 
because  of  it  and  the  cities  of  Lawrence,  Lowell  and  Manchester  would 
very  likely  never  have  been  founded  in  their  present  locations  but 
for  the  existence  there  of  great  waterfalls. 

In  the  five  streams  with  their  tributaries  which  drain  the  White 
Mountain  region,  it  is  estimated  that  350  000  h.p.  is  utilized,  this  being 
about  20  per  cent  of  the  total  utilized  water  power  of  the  country, 
and  nearly  3  per  cent  of  all  the  utilized  power  of  the  country.  In 
the  Southern  States  the  development  has  been  also  great,  especially 
in  recent  years,  but  there  are  still  greater  possibilities.  The  United 
States  Geological  Survey  estimates  that  there  is  a  minimum  of  2  800- 
000  h.p.  generated  on  streams  draining  the  Southern  Appalachians, 
of  which  one-half  or  1  400  000  h.p.,  can  be  economically  developed. 
At  $20  per  horse  power  per  annum  this  represents  $28  000  000  per 
annum.  This  estimate  is  given  simply  to  indicate  that  even  relatively 
small  injuries  to  water  powers  may  result  in  a  great  injury  in  the 
aggregate. 

The  second  means  of  controlling  stream  flow  is  by  storage  reser- 
voirs. This  method  has  not  yet  been  undertaken  to  any  large  extent, 
though  every  mill  pond  is  a  storage  basin.  This  method,  however, 
will  naturally  be  used  more  and  more  and  the  reservoirs  will  be  located 
near  the  headwaters  of  the  streams  where  the  floods  have  their  origin. 
Here  the  effect  of  the  destruction  of  forests  is  most  injurious,  for  from 
the  steep  unwooded  slopes  the  rain  and  melting  snows  will  carry  off 
great  quantities  of  earth  and  deposit  it  in  the  rivers  and  reservoirs; 
and  the  best  part  of  the  earth,  fertile  top  soil,  will  be  carried  off  in  this 
way,  not  only  filling  up  the  streams,  but  making  the  soil  incapable 
for  a  long  time  of  supporting  a  forest  growth.  This  silting  up  is 
especially  to  be  feared  in  the  Southern  Appalachians,  where  the  soil 
is  deep  to  the  mountain  tops,  but  it  is  also  of  importance  in  the  White 
Mountains.  We  spend  great  sums  for  dredging  the  lower  reaches  of 
our  rivers,  whereas  the  preservation  of  our  forests  would  render  unnec- 
essary some  of  this  work  at  least. 

What  should  be  our  position  as  engineers  on  matters  of  this  kind? 
Should  we  not  exert  ourselves  to  do  our  full  share  both  in  the  devel- 
opment and  conservation  of  our  natural  resources?  Engineering  is 
a  noble  profession.  Engineers  as  a  rule  are  honest,  intelligent,  capa- 
ble men.  They  have  been  trained  to  cope  with  the  forces  of  nature 
and  to  direct  them  for  the  use  and  convenience  of  man.  They  have 
been  taught  to  seek  the  truth  and  not  to  make  the  worse  seem  the 
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better  reason.  This  is  the  age  of  the  engineer,  but  the  engineer  has 
not  yet  come  to  his  own.  He  is  too  often  looked  upon  as  a  servant 
or  employee,  a  tool  for  others  to  use,  not  a  leader.  This  is  perhaps 
to  some  extent  the  fault  of  the  engineers  themselves.  Too  frequently 
they  are  so  much  absorbed  in  details  of  their  profession  that  they 
do  not  grasp,  or  seek  to  grasp,  the  broader  problem  of  which  their 
work  is  a  part. 

In  the  development  and  conservation  of  the  nation's  resources  is  it 
not  to  our  own  profession  that  the  nation  should  look  for  the  men, 
who  by  training  and  knowledge  are  best  fitted  to  show  the  way?  An 
individual  responsibility  rests  upon  us  to  take  an  active,  interested, 
enthusiastic  part,  directing  public  opinion  instead  of  being  subservient 
to  it. 

THE    RELATION    OP    THE   ENGINEER    TO    THE    BODY    POLITIC,    BY 
DR.    HENRY   S.    PRITCHETT 

Abstract 

A  profession  as  distinguished  from  a  business  implies  a  vocation 
in  which  not  only  is  expert  service  applied  for  the  benefit  of  him  who 
uses  it,  but  also  in  the  interest  of  the  state  and  the  public.  We  are 
prone  to  consider  the  essential  difference  between  the  work  of  the 
engineer  of  today  and  the  engineer  of  the  past  to  lie  in  the  greater 
achievement  which  the  engineer  of  the  present  day  may  compass 
through  the  largeness  of  his  enterprises  and  the  rapidity  with  which 
great  projects  are  carried  out.  This  way  of  thinking  is,  I  think, 
essentially  wrong.  I  doubt  whether  the  engineer  of  today  deserves 
any  great  honor,  as  compared  with  the  engineer  of  a  thousand  years 
ago,  from  the  mere  consideration  of  the  size  of  his  operations.  An 
engineer  is  a  man  who  applies  the  science  of  his  time  to  the  construc- 
tion of  works  which  have  to  do  with  the  needs  of  his  day.  Measured 
by  this  standard,  the  engineer  of  today  can  boast  very  little  over  the 
engineers  who  raised  the  pyramids,  who  built  the  temples  of  Karnak 
or  the  hanging  gardens  of  Babylon,  in  the  mere  matter  of  size. 

The  great  difiference  between  the  accompUshments  of  the  engineer 
of  today  and  of  the  engineer  who  built  the  pyramids  lies  not  in  the 
difference  of  magnitude,  but  in  the  difference  of  purpose  in  which 
their  respective  tasks  were  undertaken.  The  engineer  of  a  thousand 
years  ago  wrought  as  the  servant  of  a  king,  did  the  things  that  the 
king  commanded,  and  these  things  in  many  cases  were  associated 
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with  enterprises  of  little  moment  for  civilization  or  for  improvement. 

The  engineer  of  today  works  also  in  employment,  not  always  of  a 
king,  but  of  an  employer  or  a  company;  but  his  work  differs  from 
that  of  the  engineers  of  a  thousand  years  ago  in  the  fact  that  he  works 
always  in  the  service  of  mankind.  The  building  of  the  pyramids  was 
a  splendid  engineering  feat,  which  always  excites  our  admiration, 
but  it  had  small  significance  in  promoting  the  comfort,  happiness  or 
civilization  of  the  people  for  whom  they  were  built.  There  was  cele- 
brated in  this  city  last  week  an  event  much  less  picturesque:  the  open- 
ing of  the  four  tunnels  which  connect  the  city  of  New  York  with  Long 
Island,  and  yet  this  latter  work  of  the  engineer  has  a  far  larger  public 
interest  and  is  of  far  higher  public  service. 

Engineering  has  grown  from  a  vocation  to  a  profession.  It  has 
entered  into  the  company  of  those  great  callings  whose  members  are 
recognized  as  not  only  the  servants  of  those  who  employ  them,  but 
as  the  guardians,  also,  of  the  public  interest  and  the  public  honor. 
There  can  be  no  question  that  professions  in  our  social  order  rise  to 
great  power  only  by  reason  by  the  strict  sense  of  honor  of  their 
members  and  again  lose  relatively  by  a  lack  of  observance  of  that  sense. 
There  is  no  truer  word  than  that  of  Bacon,  "  I  hold  every  man  a 
debtor  to  his  profession." 

It  is  this  standing  of  engineering  as  a  profession,  rather  than 
a  business,  a  sense  of  honor  founded  on  the  highest  professional 
ideals,  rather  than  in  the  exigencies  of  business  life,  which  I  wish  to 
urge  upon  the  engineers  of  our  day. 

And  what  is  the  practical  significance  of  such  a  distinction  in  this 
matter  which  we  are  considering?  Is  the  engineer  to  decline  to  carr}^ 
out  the  wishes  of  his  employer?  Is  he  to  set  himself  up  as  the  judge 
of  that  which  is  fitting  and  right  and  profitable,  for  those  who  pay 
his  salary? 

The  answer  to  these  questions  lies  in  the  use  of  fair  judgment,  a 
sound  sense  of  justice,  and  a  quick  appreciation  of  the  larger  public 
causes.  The  engineer  is  in  a  unique  position  to  exercise  by  his  advice, 
his  suggestions,  and  his  consciousness  of  the  public  interest,  a  great 
influence  in  the  encouragement  of  justice  and  of  wisdom.  It  will  be 
a  part  of  the  honor  due  to  his  profession  to  look  always  at  the  larger 
rather  than  at  the  smaller  view  of  development;  to  undertake  the 
consideration  of  great  enterprises  rather  from  the  standpoint  of  the 
great  and  unlimited  future  than  from  the  standpoint  of  the  small  and 
limited  present.  In  a  word  he  will,  if  he  be  a  true  member  of  a 
profession,  while  serving  loyally  his  employer,  keep  ever  before  the 
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eye  not  only  of  himself,  but  of  those  whom  he  serves,  the  honor  of  his 
own  profession,  the  debt  which  he  owes  to  it,  and  the  service  of  the 
larger  interests  of  humanity  which  these  considerations  require. 

THE  MAY  MEETING 

The  May  meeting  was  held  in  the  Engineering  Societies'  Building 
on  the  evening  of  May  12,  Fred  J.  Miller,  Vice-President,  presiding. 
The  paper  of  the  evening,  upon  *'  Clutches''  (No.  1 188  in  this  volume), 
was  given  by  Henry  Souther,  of  Hartford,  Conn.,  Mem.  Am.  Soc. 
M.  E.,  and  a  member  of  the  Society  of  Automobile  Engineers  and 
of  the  Association  of  Licensed  Automobile  Manufacturers.  There 
was  a  representative  audience  and  the  discussion  was  correspond- 
ingly varied  and  complete.  Mr.  Souther  dealt  largely  with  clutches 
as  used  in  automobiles,  and  much  of  the  discussion  which  followed 
supplemented  what  he  had  to  say  by  descriptions  of  clutches 
developed  in  other  fields  of  work.  Charles  R.  Gabriel  of  New  York 
showed  a  number  of  lantern  slides  of  clutches  used  in  power  press 
work,  and  Frank  Mossberg  of  Attleboro,  Mass.,  touched  upon  the 
same  class  of  work.  E.  H.  Neff,  New  York,  and  E.  J.  McClellan, 
New  York,  took  up  clutches  in  machine  tool  work.  Others  who 
participated  were  Fred  Miller,  Buffalo,  N.  Y.,  J.  J.  Bellman,  New 
York,  H.  F.  J.  Porter,  New  York,  and  B.  D.  Gray,  of  the  American 
Locomotive  Co.,  Providence,  R.  I. 

This  paper  was  brought  up  again  for  discussion  at  the  spring  meet- 
ing at  Detroit.    . 
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A  SIMPLE  CONTINUOUS  GAS  CALORIMETER 

By  Prof.  C.  E.  Lucke,  New  York 
Member  of  the  Society 

All  heat  engines  in  practical  operation,  when  supplied  with  com- 
mercial fuels,  may  have  their  performance  expressed  in  pounds 
of  coal,  gallons  of  oil,  cubic  feet  of  gas  or  other  fuel  units  per 
horse  power  hour;  but  as  the  thermal  value  of  the  different  specimens 
of  any  one  fuel  is  not  constant,  such  a  mode  of  defining  performance 
fails  to  give  the  thermal  eflSciency  of  the  engine  or  plant,  and  in 
addition,  and  what  is  more  important  commercially,  it  is  impossible 
to  judge  which  is  the  cheaper  fuel. 

2  The  high  class  steam  plants  and  large  consumers  have  come 
to  the  point  of  purchasing  coal  in  heat  units  instead  of  tons,  and  their 
specifications  contain  a  fixed  price  for  one  quality  of  fuel,  based  on 
its  calorific  power  as  foimd  by  systematic  and  regular  calorimeter 
tests,  and  carry  with  this  clause  a  bonus  for  exceeding  a  fixed  calorific 
power  and  a  penalty  for  failing  to  reach  it.  The  coal  in  any  one  ship- 
ment will  run  fairly  constant  in  calorific  value,  so  it  is  only  necessary 
in  such  tests  that  the  calorific  value  of  a  fixed  number  of  samples  be 
taken  to  evaluate  the  lot,  in  order  to  reduce  the  purchasing  of  coal 
to  the  basis  of  the  purchasing  of  heat. 

3  The  coal  calorimeter  thus  has  been  brought  into  use  as  a  com- 
mercial measuring  apparatus,  as  valuable  in  the  daily  work  of  the 
plant  as  the  coal  scales,  and  its  sphere  of  usefulness  has  in  consequence 
been  extended  beyond  the  more  occasional  efficiency  tests  of  the  coal 
fired  plant. 

4  In  a  similar  manner  the  calorific  value  of  a  fuel  gas  fixes  the 
output  of  the  gas  producer,  the  input  energy  of  the  gas  engine,  and 
thfe  usefulness  of  public  service  and  other  gas  suppUes  for  such  pur- 
poses as  furnace  heating,  cooking  and  the  production  of  light  by  all 
mantle  methods.  The  gas  calorimeter  has  found  a  useful  place  in  tests 
of  gas  for  such  purposes,  but  as  the  calorific  power  of  a  gas  may  vary 
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widely  and  quite  suddenly,  such  tests  become  of  value  only  when  made 
continuously,  which  is  not  possible  with  the  ordinary  intermittent 
instrument.  And  further,  to  be  of  commercial  value  in  the  pur- 
chase of  heat  in  the  form  of  gas  instead  of  buying  cubic  feet  of  gas, 
it  is  necessary  that  the  gas  calorimeter  be  made  automatic  as  well  as 
continuous,  or  at  least  that  it  be  continuous,  and  operative  by  common 
unskilled  labor.  In  the  everyday  operation  of  a  gas  power  plant, 
involving  the  gas  engine  and  producer,  the  daily  performance  of  one 
cannot  be  separated  from  the  other  without  such  an  instrument,  nor 
can  the  engine  and  producer  operator  do  more  than  guess  at  the 
proper  adjustment  and  handling  of  their  apparatus. 

5  The  general  need  of  such  an  instrument,  that  would  be  as  useful 
to  the  gas  maker  and  gas  user  as  the  steam  gage  is  to  the  fireman 
and  steam  engineer,  has  been  keenly  felt,  and  serious  effort  has  been 
made  to  supply  the  need;  but  as  the  work  of  different  investigators  has 
never  been  published  it  is  necessary  to  resort  to  the  records  of  the 
patent  office  to  show  the  nature  of  this  effort,  which  has  not  as  yet 
resulted  in  the  placing  of  such  instruments  on  sale. 

6  Prof.  Hugo  Junkers  of  the  Royal  Polytechnicum  at  Aix-la- 
Chapelle,  Germany,  patented  in  this  country  March  10, 1896,  the  gas 
calorimeter  shown  in  Fig.  1,  which  up  to  the  present  has  been  the 
standard  instrument  for  the  determination  of  the  heating  power  of 
gases.  The  principle  underlying  the  instrument  is  extremely  simple, 
and  as  most  of  the  members  are  familiar  with  it,  it  will  not  be 
described  in  detail  here. 

7  A  gas  burner  of  the  Bimsen  type  liberates  the  heat  of  combus- 
tion of  the  gas.  The  hot  products  of  combustion  from  this  burner, 
together  with  any  excess  air  that  may  have  been  admitted  to  the 
chamber  containing  it,  pass  vertically  upward  through  a  straight 
flue,  under  the  ordinary  draft  influence  of  the  heated  column.  They 
then  pass  downward  through  a  number  of  small  tubes  surrounded  by 
water  which,  in  cooUng  them  below  the  atmosphere,  assists  in  the 
descent  of  the  gases. 

8  Adjustments  are  provided  in  the  instrument,  consisting  of  a 
water-controlled  valve  to  regulate  the  quantity  continuously  flowing 
through,  and  different  gas  orifices  for  the  burner,  to  accommodate 
different  gases  which  may  vary  in  calorific  value  from  less  than  100 
to  more  than  1000  B.t.u.  per  cubic  foot,  to  the  end  that  the  final  tem- 
perature of  the  issuing  products  of  combustion  may  be  reduced  to  that 
of  the  atmosphere,  it  being  assumed  that  the  gas  is  suppUed  at  the 
same  temperature   as  the  atmospheric   air.     With  corrections  for 
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radiation,  this  mode  of  procedure  results  in  giving  to  the  water 
Sowing  through  the  instrument  all  the  heat  of  combustion  of  the 
gases  and  none  of  the  heat  of  the  atmosphere  which  supports  the  com- 
bustion. 


|_ WATER  SUPPLY 
OVERFLOW 


-  mSCHARQE 
WATER  WASTE 


WATER  HXGU LATINO 
VALVE 


Fig.  1      JUNKEBS  QaS  CALORniETER 


9  An  accurate  wet  gas  meter  is  used  to  measure  the  amount  of  gas 
burned,  and  a  graduated  liter  jar,  into  which  the  discharging  water 
<^  be  directed  at  will,  serves  to  measure  the  quantity  of  water  simul- 
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taneously  with  the  gas.  A  small  gas  holder  is  also  provided  to  remove 
irom  the  meter,  as  far  as  possible,  the  pressure  fluctuation  effects  of 
the  pipe  line,  permitting  the  gas  to  be  measured  at  a  constant  pressure. 

10  Wide  fluctuations  of  gas^ressure  exist  in  ordinary  working, 
especially  in  blast  furnace  plants,  often  var3dng  from  ten  inches  water 
pressure  above  to  several  inches  below  atmospheric  pressure,  without 
warning  and  in  short  periods  of  time.  In  such  cases  the  gas  supply 
is  to  be  provided  for  by  separate  means,  as  must  also  be  done  when  a 
suction  producer,  which  is  always  under  a  vacuum,  is  under  observa- 
tion. The  best  method  I  have  found  of  eliminating  this  variable 
pressure  trouble  has  been  an  ordinary  suction  tee,  discharging  into  a 
reservoir  chamber  with  a  water  sealed  overflow. 

11  Another  defect  of  the  ordinary  Junkers  instrument  that 
becomes  somewhat  serious  with  weak  gas  is  the  tendency  for  the  gas 
to  go  out  at  the  burner,  due  to  the  lifting  action  of  the  draft  on  the 
flame.  This  I  have  succeeded  in  overcoming  in  practically  every 
case  by  placing  a  flat  disc  of  copper  about  one-eighth  inch  above  the 
burner  outlet,  and  extending  beyond  the  burner  about  one-half  inch 
all  aroimd.  The  flame  will  then  burn  under  the  disc  with  no  tendency 
to  lift  and  is  supplied  with  the  proper  amoimt  of  air  on  the  under  side. 

12  A  third  defect,  and  probably  the  most  important  commercially, 
is  that  after  the  observations  have  been  made  of  quantity  of  gas,  quan- 
tity of  water  and  temperature  rise  of  the  water,  which  require  a 
reasonably  skillful  man  and  considerable  time,  the  calorific  power  is 
found  only  by  calculation  as  follows: 

lb.  of  water 

B.t.u.  per  cu.  ft.  of  gas  =  — -r — z X  temp,  rise  of  water 

^  °  cu.  ft.  of  gas  ^ 

13  The  instrument  therefore,  though  found  extremely  valuable 
in  test  work,  fails  under  the  conditions  of  operation  previously  men- 
tioned; is  not  continuous,  and  therefore  is  not  as  valuable  com- 
mercially as  it  might  be.  It  cannot  be  handled  by  a  common  fire- 
man in  charge  of  a  producer,  and  furthermore  is  quite  expensive. 

14  It  was  pointed  out  by^ Junkers  in  1903,  and  later  by  several 
others  independently,  that  if  the  ratio  of  the  water|^supply  to  the 
cubic  feet  of  gas  burned  in  the  same  time  could  be^kept  constant, 
then  the  calorific  power  would  be  directly  proportional  to  the  tem- 
perature rise  of  the  water.  A  patent  was  issued  to  Junkers  in  England 
in  1904  and  on  October  19, 1906,  in  the  United  States,  ten  years  after 
his  original  patent,  describing  an  instrument  to  maintain  this  pro- 
portionality and  to  record  the  differences  in  temperature,  thus  making 
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the  instrument  continuous  and  automatic.  Fig.  2  shows  what  was 
proposed  by  Jimkers  to  accomplish  this  result.  To  the  gas  meter 
there  is  now  added  a  water  meter,  and  the  two  meters  are  geared 
together. 

15  I  doubt  whether  any  water  meter  and  gas  meter  can  be  made 
that  will  accomplish  the  desired  result  when  one  drives  the  other, 
or  when  both  are  driven  from  an  outside  source,  until  new  principles 
in  meter  operation  are  discovered;  and  the  additional  meter  adds  to 
the  expense.     The  rise  in  temperature  of  the  water  is  found  directly 


Fw.  2    Junkers  Calorimeter,  with  Water  Meter,  which  is  Geared  to 

Gas  Meter 

by  a  sliding  scale  extending  over  the  stems  of  the  two  thermometers 
and  graduated  the  same  as  these  thermometers;  the  zero  to  be  applied 
to  the  low  temperature  and  the  rise  to  be  read  off^directly  opposite 
the  high  temperature.  By  introducing  on  this|^sliding  scale  the 
constant  of  proportionality  fixed  by  the  meters,  a^^second  scale  may 
be  added,  giving  directly  the  British  thermal  units  per  cubic  foot  of  gas. 
16  To  make  the  instrument  recording,  or  readable  from  a  dis- 
tance, Junkers  proposed  a  thermo-couple  and  a    milli-voltmeter, 
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which  may  be  either  of  indicating  or  of  recording  type,  and  will 
give  directly  the  temperature  difference  between  the  hot  and  coid 
junctions. 

17  A  second  means  of  attaining  proportionality  was  proposed  by 
Schutte  and  Koerting  and  a  patent  covering  it  was  granted  them  on 
January  2,  1906.  This  involves  the  principle  of  displacing  gas  by  the 
water  to  be  used,  both  directly  and  indirectly,  two  forms  being  shown. 
In  the  direct  form.  Fig.  3,  a  pair  of  small  tanks  is  arranged  above  the 
gas  heater  or  calorimeter  and  provided  with  numerous  valves  and 
ports  to  control  the  flow  of  water  and  gas.  Water  admitted  to  one 
of  these  chambers  displaces  gas  from  it,  the  gas  having  previously 
been  drawn  in  while  the  water  was  running  out  to  the  instrument. 
The  various  valves  are  operated  by  the  rise  and  fall  of  these  two 
chambers,  due  to  the  weight  of  water  they  contain,  with  the  net  result 
that  the  water  and  the  gas  are  taken  alternately  from  the  right  and 
left  hand  chambers,  the  gas  being  forced  to  the  burner  by  the  filling 
of  one  chamber  with  water,  and  the  water  being  supplied  to  the 
instrument  by  the  emptying  of  the  other  chamber  simultaneously, 
drawing  in  a  gas  supply. 

18  This  principle  of  displacement  produces  intermittent  action 
and  an  element  of  uncertainty  in  momentary  ratios  of  water  to  gas, 
because  the  rate  of  gas  supply  depends  on  the  rate  with  which  a  tank 
fills  with  water  from  a  constant  head  supply,  while  the  rate  of  water 
supply  depends  on  the  rate  with  which  a  similar  tank  discharges  this 
water  under  a  variable  head.  In  order  that  the  momentary  rate  of 
filling  and  emptying  two  similar  but  separate  tanks  may  be  the  same, 
there  is  involved  a  very  complicated  problem  in  practical  hydraulics 
which  is  not  here  solved. 

19  The  second  form  of  apparatus  for  the  attainment  of  propor- 
tionality proposed  by  these  men,  shown  in  Fig.  4,  includes  a  pair 
of  piston  pumps  and  is  free  from  the  objection  noted  above,  but  is 
also  very  complicated  and  costly.  The  principle  involved  in  both 
of  them  however — ^the  attainment  of  proportionality  by  displacing 
the  gas  with  the  water — ^is  is  extremely  interesting,  although  in 
practical  application  it  is  somewhat  difficult  to  reduce  to  simplicity 
and  positiveness. 

20  Another  interesting  new  point  in  this  case  is  the  means  pro- 
posed for  recording  the  temperature  differences  after  the  proportional- 
ity is  established.  Instead  of  using  the  thermo-couple  proposed  by 
Junkers,  a  means  is  shown  depending  upon  the  expansion  of  a  liquid 
which  is  really  a  differential  liquid  thermometer.     Into  the  water 
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INLET  AND  OUTLST 
"THERMOMETER 


Fig.  3     •                                                      Fio.  4 
Two  Types  of  Calorimeter  by  Schdttb  and  Koerttng,  with  Means  for 
Attaining  Proportionalitt  of  Water  and  Gab  
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entering  the  instrument  and  into  the  water  leaving  the  instrument 
two  small  liquid. chambers  are  inserted,  each  provided  with  a  small 
plunger  projecting  out  through  the  top.  As  the  liquid  in  this 
plunger  chamber  takes  the  temperature  of  the  cooling  liquidi  the  fixed 
body  of  liquid  will  expand  and  contract  and  the  plunger  projecting 
into  it  and  held  by  a  spring  in  one  direction  will  rise  and  fall.  The 
difference  between  the  position  of  the  two  plungers  with  an  initial 
setting  indicates  the  difference  between  the  temperature  of  the 
ingoing  and  outgoing  liquid,  with  a  certain  time-lag  of  course,  and 


*ATER    ItuPPiy 


FiQ.  5    Sargent's  Arranqbmbnt  of  thb  Junkers  CALORiMirrER 

is  made  to  indicate  on  a  dial  by  a  piece  of  mechanism  entirely 
mechanical. 

21  One  attempt  to  reduce  the  labor  necessary  to  operate  the 
ordinary  Jimkers  instrument  and  also  to  eliminate  the  error  of  simul- 
tan^eous  reading  of  water  and  gas  is  shown  in  Fig.  5,  which  represents 
the  instrument  patented  by  C.  E.  Sargent,  March  27,  1906.  The  new 
element  in  this  case  is  the  water  valve  controlling  the  discharge  from 
the  heating  chamber,  which  is  magnetically  operated  through  electri- 
cal contacts  on  the  gas  meter  dial.    The  instrument  is  however 
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intermittent  in  action  and  requires  the  attention  of  an  operator  to 
observe  the  quantities  and  to  make  calculations  for  calorific  power. 

22  An  instrument  of  the  automatic  sort  was  patented  by  H.  L. 
Doherty,  August  14,  1906,  which  in  principle  is  much  the  same  as 
that  described  by  Schutte  and  Koerting.  The  maintenance  of  propor- 
tions between  the  water  and  the  gas  is  accompUshed  by  Mr.  Doherty  by 
displacing  the  gas  supplied  to  the  burner  from  a  tank,  with  the  water 
that  has  passed  through  the  heating  chamber.  Preparatory  to  using 
the  gas  it  is  allowed  to  remain  in  the  tank  long  enough  to  acquire  the 
temperature  of  the  room  and  the  final  temperature  of  the  g  s  is 
adjusted  by  var3ring  the  effective  heating  surface  of  the  heater,  thus 
reducing  any  error  due  to  inequality  of  the  temperature  of  the  gas, 
air  and  fuel.  The  instrument  is  complicated,  requiring  some  sixty 
figures  in  the  patent  specifications  to  illustrate  it. 

23  The  various  attempts  to  render  the  instrument  automatic  and 
continuous  have,  in  the  first  instance,  involved  greater  compUcation 
than  the  original  instrument,  whereas  it  is  extremely  desirable  that 
less  complication  be  introduced  and  real  continuity  of  action,  instan- 
taneous equality  of  rates  of  gas  and  water  flow,  and  maximum  sim- 
plicity, be  attained. 

24  The  method  which  I  have  proposed  and  used  for  accompUshing 
this  is  shown  in  Fig.  6  as  applied  to  the  heating  chamber  of  the  ordi- 
nary Junkers  instrument.  It  is  well  known  that  a  nozzle  or  fixed 
orifice,  when  supplied  either  by  gas  or  water  under  a  constant  pressure, 
becomes  a  very  accurate  measure  of  the  quantity  flowing.  In  the 
instrument  shown,  water  is  allowed  to  flow  to  the  heating  chamber 
from  a  water  nozzle,  and  gas  to  the  Bunsen  burner  through  a  gas 
nozzle,  both  supplied  from  a  constant  pressure  chamber.  With 
these  nozzles  the  constancy  of  ratio  of  the  quantity  of  gas  to  quantity 
of  water  can  be  maintained  without  difliculty,  the  only  possible 
sources  of  error  being  in  a  considerable  change  of  pressure,  which  is 
improbable,  or  in  a  clogging  of  the  instrument  by  dirt,  which  probably 
would  not  be  serious  by  reason  of  the  mode  of  introducing  the  gas  by 
water  aspiration  and  the  ease  with  which  nozzles  can  be  removed. 

25  At  the  top  is  shown  a  water  aspirator  which  draws  gas  from 
the  main  through  a  water  seal  to  remove  the  main  pressure,  dis- 
charging water  and  gas  together  into  the  chamber.  The  surplus 
water  passes  down  the  center  through  an  overflow  and  the  surplus: 
gas  goes  through  a  water  sealed  by-pass  shown  here  as  a  glass  bottle. 
Gas  is  then  taken  from  the  top  of  the  chamber  to  the  Bunsen  burner 
and  water  from  the  bottom  of  the  chamber  to  the  water  orifice.    The 
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water  supply  pipe  to  the  heating  chamber  is  arranged  to  bring  the 
inlet  water  thermometer  close  to  the  outlet  water  thermometer  and 
in  the  final  form  of  such  an  instrument  these  two  stems  will  be 
arranged  so  as  almost  to  touch,  permitting  the  use  of  a  sliding  scale, 
such  as  proposed  by  Junkers.  There  may  also  be  used  in  place  of 
these  thermometers,  and  if  desired  in  addition  to  them,  a  group  of 


FiQ.  6    Junkers  Calorimeter,  arranged  by  the  Author  for  Giving  a 
CJoNTiNuous  Record  op  the  Quauty  op  Gas 

thermo-couples.  At  my  request  Prof.  Wm.  H.  Bristol  applied 
such  a  group  of  couples  to  this  instrument  in  my  laboratory  at 
Columbia  and  recorded  the  temperature  difference  on  one  of  b««» 
transparent  smoke  chart  recording  milli- voltmeters,  which  gives,  so 
far  as  I  know,  the  first  continuous  record  made  in  this  country  of  the 
quality  of  gas  applied  to  a  main  for  a  considerable  period  of  time. 
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26  It  is  evident,  also,  that  the  form  of  the  chamber  from  which 
the  water  and  gas  are  both  supplied  to  the  nozzle  and  the  means  of 
maintaining  a  constant  pressure  therein  may  be  subject  to  quite  a 
large  number  of  variations  in  form  to  adapt  it  to  the  particular 
conditions  or  the  taste  of  a  designer,  the  requirements  being  simply 
that  water  and  gas  shall  be  supplied  from  a  constant  pressure  chamber, 
and  preferably  supplied  to  that  chamber;  though  not  necessarily  by  a 
water  aspirator,  which  would  render  both  the  gas  and  chamber  pressure 
independent  of  pressure  fluctuations  of  the  gas  mains.  To  adapt  the 
instrument  to  different  gases,  it  is  necessary  only  to  supply  calibrated 
nozzles  of  different  capacity.  Thus,  for  rich  natural  gas  a  small 
gas  nozzle  and  a  large  water  nozzle  would  be  used,  while  for  producer 
gas  or  blast  furnace  gas  a  large  gas  and  a  small  water  nozzle.  By  the 
adjustment  of  nozzles  any  desired  rise  in  temperature  with  any  kind 
of  gas  can  be  secured  and  it  takes  only  a  minute  or  two  to  change  the 
nozzles.  Two  chambers  can  be  used  if  desired,  one  for  water  supply 
and  the  other  for  gas.  This  is  especially  desirable,  even  if  not  abso- 
lutely necessary,  for  gases  containing  matter  that  might  be  absorbed 
by  water  or  lost  by  condensation,  such  as  CO,  or  some  hydro- 
carbons. 

27  It  is  hoped  that  this  presentation  of  the  problem  of  continuous 
gas  calorimetry,  and  one  simple  mode  of  solving  that  problem,  will 
prove  of  some  benefit  to  the  gas  power  industry  by  removing  one  of 
the  many  uncertainties  involving  both  the  commercial  and  scientific 
phases  of  the  question. 

DISCUSSION 

Mr.  Henry  L.  Doherty  I  am  the  inventor  of  the  calorimeter 
which  Professor  Lucke  describes  as  very  complicated,  and  if  I  am  not 
mistaken,  I  am  the  earliest  inventor  of  the  displacement  principle  in 
this  connection.  When  my  appUcation  went  into  the  patent  oflBce, 
no  citations  were  given  me  of  antedating  patents. 

2  The  question  of  a  continuous  gas  calorimeter  is  of  considerable 
importance,  especially  for  producer  gas.  The  calorific  value  of  a 
gas  changes  very  quickly,  and  a  continuous  gas  calorimeter  that 
will  not  lag  too  far  behind  the  operation  of  the  producer  is  important, 
and  one  of  the  greatest  considerations  is  to  get  a  prompt  record  of  the 
performance  of  the  producer,  and  not  have  the  calorimeter  lag  behind 
several  minutes,  as  is  apt  to  be  the  case.  We  have  secured  very  good 
results  by  simply  burning  gas  in  an  open  flue,  and  recording  the 
temperature  of  the  escaping  flue  products.     This  is  a  scheme  which  is 


Digitized  by  VjOOQIC 


38  A  SIMPLE  CONTINnonS  GAS  CALORIMETER 

positive  and  will  give  accurate  results,  but  I  have  not  applied  for 
patents  on  this  calorimeter,  and  have  never  put  it  on  the  market;  nor 
have  I  ever  put  the  other  one  on  the  market,  which  Professor  Lucke 
terms  complicated,  and  which,  by  the  way,  an  inexperienced  operator 
can  run  continuously  within  four  B.t.u.  on  a  gas  of  600  B.t.u.,  and 
come  within  J  of  1  per  cent. 

The  Author  It  is  somewhat  disappointing  to  note  the  small 
amount  of  discussion  on  this  important  topic  of  simple,  continuous, 
indicating  and  recording  calorimetry.  An  instrument  for  this  pur- 
pose is  just  as  necessary,  as  has  been  pointed  out,  to  the  proper 
management  of  gas  engines  and  gas  producers  as  the  steam  gage  is 
in  steam  plant  practice.  The  question  of  priority  of  invention  in 
this  line  is  one  that  cannot  be  settled  in  such  a  discussion;  it  is  rather 
a  question  for  the  patent  lawyers  and  the  courts.  The  important 
point  really  at  issue  is  that  of  the  characteristics  of  structure  and 
principles  of  operation  which  can  be  employed  now  in  the  solution  of 
this  important  problem. 
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CLUTCHES 

WITH  SPECIAL  REFERENCE  TO  AUTOMOBILE  CLUTCHES 

By  Hbnbt  Soxtther,  Habtfobd,  Conn. 
Member  of  the  Society 

POSmVB  CLUTCHES 

The  positive  or  jaw  clutch  is  necessarily  used  only  where  the 
character  of  the  starting  action  is  immaterial,  and  if  sudden,  matters 
but  little.  Obviously  it  can  be  used  only  where  the  inertia  of  the 
standing  or  driven  parts  is  relatively  small;  otherwise  materials  could 
not  stand  the  wear  and  tear. 

2  Modifications  of  the  positive  clutch  are  made  in  the  angles  of 
engagement  between  the  jaws.  The  least  positive  form  is  one  where 
the  planes  of  engagement  are  inclined  backward  as  regards  the  direc- 
tion of  motion  at  an  angle  of  15  deg.,  more  or  less.  The  tendency  of 
such  a  clutch  is  to  disengage  under  load.  It  must  be  held  up  to  its 
work  by  an  axial  pressure,  which  may  be  regulated  to  perform  a  nor- 
mal duty,  but  to  slip  and  disengage  when  called  upon  abnormally  by 
some  accident  or  overload. 

3  Positive  clutches  with  engaging  planes  parallel  to  the  axis  of 
rotation  must  be  held  up  to  their  work  to  guard  against  a  natural 
twidency  to  jar  out,  but  they  present  no  safety  features  against  an 
overload. 

4  More  positive  yet  in  its  action  is  the  so-called  undercut  engage- 
ment of  the  jaw  clutch,  the  tendency  of  which  is  to  engage  more 
tightly  when  loaded;  and  which  can  be  disengaged  only  when  abso- 
lutely free  from  load  and  in  a  condition  to  be  rotated  in  a  reverse 
direction  enough  to  overcome  the  undercut  angle. 

5  In  automobile  construction  the  positive  type  of  clutch  is  used 
made  the  gear  box,  so  arranged  as  to  be  operated  only  while  the  main 

Presented  at  the  monthly  meeting  (May  12,  1908)  of  The  American  Society 
of  Medumical  Engineers.    Discussion  continued  at  the  Detroit  Meeting  (June 
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friction  clutch  connecting  the  engine  with  the  driven  shaft  is  dis" 
engaged.  Each  gear  carries  a  positive  jaw  clutch  to  be  engaged  with 
mates  on  the  driving  shaft  (while  the  main  friction  clutch  is  open). 
Several  inventors  have  accomplished  the  same  object  by  means  of 
a  sliding  spline  (or  hardened  ball)  on  the  driven  shaft,  which 
engages  with  the  gear  hub  internally. 


Fio.  1 


Fio.2 


Fig.  3 


Fio.  4 


6  The  starting  crank  of  an  automobile  is  a  first-rate  illustration  of 
an  undercut  positive  clutch.  It  is  undercut  so  that  when  the  hand 
is  applied  to  the  starting  crank  there  is  little  or  no  danger  of  the  clutch 
slipping  off  and  wrenching  the  operator.     It  is  a  fact,  however,  that 


Fig..  5    Ramsbottom  Clutch 


Fio.  6    Conb  Clutch 


some  of   these  clutches  are  not  undercut  and  are  disagreeable  to 
handle  for  this  reason. 

CLASSIFICATION  OP  FRICTION  CLUTCHBS 

7     A  rather  careful  search  of  the  literature  of  clutches  reveals  the 
fact  that  there  are  a  few  basic  types  involved  in  all  clutches,    but 
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an  infinite  variety  of  detail  in  construction  and  manipulation.     Ran- 
kine  differentiates  between  friction  clutches  about  as  follows: 

Friction  clutch  (contracting  band). 
Friction  cones 

Frictional  sector  (invented  by  Bodmer). 
Friction  disc  (Weston's  invention). 

8  Reuleaux  illustrates  the  Ramsbottom  clutch  as  used  for  rolling 
mill  work.  This  is  nothing  more  or  less  than  a  friction  coupling 
in  which  one  flange  is  squeezed  between  frictional  surfaces  by  being 
tightly  bolted.  Referring  to  Fig.  6,  the  flange  attached  to  part  A 
is  firmly  clamped  beween  the  wood-lined  surfaces  of  B,  adjustment 
of  the  bolts  being  such  that  the  friction  will  resist  normal  torque  but 
yield  to  abnormal  torque.  This  is  perhaps  the  most  simple  form  of 
friction  clutch. 


Fig.  7    Multi-cone  Clutch 


Fig.  8    Weston  Clutch 


9  Reuleaux  then  shows  as  the  next  step  in  the  development  of 
tte  clutch  a  cone  coupling,  the  two  parts  being  forced  into  engage- 
ment by  screw  and  handwheel  B,  as  shown  in  Fig.  6.  He  states  that 
tte  angle  of  the  cone  should  be  not  less  than  10  deg.,  in  order  that  the 
parts  may  not  become  wedged  together.  He  also  gives  in  connection 
with  this  clutch,  with  frictional  surfaces  of  iron  bn  iron,  a  coefficient 
of  friction  of  0.15.  In  order  to  keep  the  axial  pressure  within  rea- 
sonable limits,  he  places  the  mean  radius  of  the  cone  between  three  and 
six  diameters  of  the  shaft. 

10  Following  the  single  cone  clutch  in  Reuleaux  is  what  might 
be  called  a  multi-cone,  as  shown  in  section  by  Fig.  7,  a  series  of  concen- 
tric cone-shaped  rings  with  angles  of  10  deg.,  or  20  deg.  for  both 
hAlves  of  the  cone.     As  shown  in  this  cut,  it  is  apparent  that  the  collar 
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would  have  to  resist  the  pressure  and  wear  due  to  the  axial  pressure 
necessary  for  proper  engagement.  This  would  be  serious,  and  such 
wear  is  avoided  in  heavy  machine  work  or  in  high-speed  auto- 
mobile design  by  making  the  axial  pressure  self-contained  on  the 
rotating  member,  except  when  the  clutch  is  in  the  act  of  being  dis- 
engaged. Such  a  construction  is  absolutely  necessary  in  automobile 
clutches.  This  modification  is  shown  in  Fig.  9.  The  pressure  of  the 
screw  wheel  is  self-contained,  the  two  halves  A  and  B  being  clamped 
together  by  it,  the  concentric  double-faced  cones  furnishing  much 
friction  at  slight  axial  pressure. 

11    The  next  clutch  shown  by  Reuleaux  is  that  which  he  attributes 
to  Koechlin,  Fig.  10.    This  is  of  the  internal-expanding  type,  three 


FiQ.  9    Self-contained  Thrust 


Fio.  10    Expanding  Type 


internal  clamp  pieces  A,  fitted  with  bronze  shoes,  being  thrust  out 
against  the  enclosing  cylindrical  drum  B,  by  means  of  lever  and  screw 
action.  Reuleaux  points  out  that  there  is  no  danger  of  wedging  in 
this  clutch,  such  as  exists  in  connection  with  the  cone  clutch.* 

12  Reuleaux  next  shows  a  form  of  *' axial  friction  coupling," 
well  known  as  the  Weston  clutch,  based  on  the  principle  of  multiple- 
plate  friction,  Fig.  8.  The  plates  are  alternately  wood  and  iron,  as 
indicated,  the  wooden  ones  engaging  with  the  outside  cylindrical 
containing-case  A,  and  the  iron  ones  with  the  shaft  B,     In  the  form 

^  Bodmer  and  Koechlin  seem  to  have  been  working  along  similar  lines. 
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shown,  the  plates  are  pressed  together  by  springs  Z),  and  released  by 
drawing  back  a  collar  C,  which  releases  the  spring  pressure. 

MACHINE  SHOP   CLUTCHEb 

13  Perhaps  the  simplest  form  of  machine  shop  clutch  is  that  in 
which  one  flat  disc  presses  against  another,  the  surfaces  being  leather 
against  iron,  bronze  against  iron,  or  wood  against  iron,  the  axial 
pressure  being  great  enough  to  drive  the  maximum  load,  yet  not  so 
great  but  that  slipping  takes  place  when  the  load  is  first  applied, 
which  prevents  all  jar.  Such  clutches  are  familiar  in  the  driving  of 
looms. 


FiQ.  11    Modification  of  Weston  Type 

14  In  Fig.  11*  is  a  modification  of  the  Weston  type.  It  is  not 
multi-disc,  there^^being  only  one  wooden  disc  A,  attached  to  the  enclos- 
ing case  B,  which  is  gripped  between  two  iron  surfaces  C,  keyed  to  the 
driving  shaft.  To  prevent  any  drag  when  disengaged,  separating 
springs  D  are  supplied,  which  part  the  frictional  surfaces  when  idle. 
Slight  rubbing  when  idle  is  not  a  very  serious  matter  in  machine  shop 
clutches,  however;  but  its  importance  in  connection  with  automobile 
clutches,  I  will  bring  out  later. 

15  It  is  interesting  to  note  that  most  information  as  to  the  fric- 
tional capacity  of  these  machine  shop  clutches  is  empirical.  The 
coefficient  of  friction  of  maple  (which  is  commonly  used)  on  cast  iron 
is  known.     Little  use  can  be  made  of  this  knowledge,  however,  as 

'  Fig.  11  IB  from  the  catalogue  of  T.  B.  Wood's  Sons,  Chambersburg,  Penna. 
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the  degree  of  lubrication,  or  the  lack  of  it,  may  easily  double  or  halve 
this  coefficient.  Manufacturers  usually  state  in  their  catalogues 
the  horse  power  that  can  be  transmitted  by  their  clutches  at  100  r.p.m. 
It  is  probable  that  even  such  untechnical  information  is  decidedly 
more  reliable  than  that  obtained  from  any  formula  containing  an 
unknown  variable — the  coefficient  of  friction. 

16  What  was  formerly  known  as  the  Frisby  clutch  was  designed 
many  years  ago  when  no  attention  was  paid  to  mathematical  design, 
but  its  capacity  has  been  well  established  by  experience.  Fig.  12 
shows  this  clutch,  which  is  not  unlike  the  last  one  described,  except 
that  a  flat  surface  A  and  cone  B  are  used  in  combination.  The  grip- 
ping of  the  surfaces  is  accomplished  in  very  much  the  same  way.  The 
frictional  surfaces  are  separated  by  springs  when  disengaged. 


Fig.  12      Combined  Cone  and  Flat  Surface  Clutch 

17  For  a  given  axial  pressure  this  clutch  will  transmit  more 
power  than  the  foregoing,  because  of  the  cone,  and  therefore  will  be 
smaller  and  more  compact,  other  things  l)eing  equal.  But  here  again 
is  the  uncertainty  of  the  coefficient  of  friction.  This  clutch,  for  exam- 
ple, might  throw  its  oil  to  the  frictional  surfaces  more  than  the  previ- 
ous example,  the  oil  more  than  offsetting  the  effect  of  the  cone  engage- 
ment. 

18  Experimental  data  upon  the  capacity  of  the  clutches  of  the 
Dodge  Manufacturing  Company,  Mishawaka,  Ind.  are  given  in  the 
following  table.  The  results  were  obtained  from  clutches  fitted 
with  maple  blocks  and  calculations  are  based  on  a  coefficient  of  fric- 
tion of  0.37  and  a  speed  of  rotation  of  100  r.p.m. 
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Hone  power 


Block  area 


I  Diameter  at      Circumferential 
block,  inches  ptiU  at  block  center 


25 

120 

16 

32 

141 

18   ; 

60 

208 

2ii   ; 

96 

280 

27i 

1960 
2240 
2900 
4500 


Total 
pressure 


6300 

6000 

7800 

12  200 


Total  pressure 
per  square  inch 


44 
44i 

37i 
43i 


19  A  modern  adaptation  of  the  old  Koechlin  form  of  internal 
expanding  clutch  is  shown  Fig.  13  and  14  (from  catalogue  of  the 
A.  &  F.  Brown  Company,  Elizabethport,  N.  J.).  These  are  largely 
used  for  very  heavy  work,  the  firm  advertising  clutches  48  in.  in 
diameter  capable  of  transmitting  320  h.p.  at  100  r.p.m.  The  frictional 
surfaces  are  wood,  especially  prepared  for  the  purpose,  against  iron; 
the  experts  of  the  company  claiming  that  this  combination  is  not 
liable  to  strike  fire,  as  in  cases  where  both  friction  surfaces  are  of  iron 


Fio.  13  Fig.  14 

Modern  Adaptation  op  Koechlin  Clutch 

CLUTCHES   USED   IN   WIRE   DRAWING 

20  One  of  the  oldest  usages  made  ofs  clutches  is  in  the  wire 
drawing  art.  The  iron  drum  around  which  the  wire  is  wrapped  as 
a  rule  contains  some  form  of  clutch.  What  I  believe  to  be  the 
most  recent  development  in  this  direction  is  that  of  the  Morgan 
Construction  Company,   of  Worcester,   Mass.     This  is  a  compound 
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clutch,  the  main  driving  effort  being  furnished  by  a  wrapping  coil 
on  a  chilled  iron  surface,  the  initial  engagement  of  the  coil  being 
brought  about  by  a  modified  cone  or  ring  slipping  down  onto  a 
cone  which  drags  the  free  end  of  the  coil  into  engagement.  Once 
seized,  the  wrapping  continues  until  tight. 

21  In  Fig.  16,  A  is  the  tapered  friction  surface  of  the  chilled  drum 
on  which  the  friction  ring  bears  and  below  is  the  coil  which  is  sub- 
merged in  oil  in  an  annular  oil  chamber.  The  drum  is  12  in.  diameter 
by  7  in.  high  and  the  coil,  which  is  of  soft  steel,  is  1^  in.  square  at  the 
large  or  driving  end  and  |  in.  by  {  in.  at  the  small  end.     The  outside 


Fig.  15    Clutch  for  Wire  Drawing 

diameter  of  the  block  is  26  in.  I  quote  from  a  communication 
received  from  the  manufacturers  of  this  clutch  as  to  the  importance 
of  starting  wire  into  a  die  gradually  and  smoothly. 

Electrically  operated  wire-<lrawiDg  machines  in  England  have  demonstrated 
that  if  wire  can  once  be  put  into  motion  and  the  speed  increased  gradually  to  pre- 
vent breaking  the  wire,  the  possible  speed  of  the  drawing  is  almost  unlimited.  The 
wire  upon  which  all  the  work  is  done  becomes  exceedingly  hot,  but  the  dies 
remain  quite  cool. 

In  order  to  test  the  power  of  our  block,  we  keyed  the  hub  to  the  shaft. 
This  hub  was  flattened  on  one  side.  On  this  flat  surface  we  strapped  an 
8  in.  I-beam  about  14  ft.  long,  and  at  a  distance  of  12  ft.  6  in.  from  the  center  of 
the  driving  shaft  we  strapped  a  gear  to  this  I-beam  in  which  we  could  put  small 
weights.    We  first  wrapped  a  J-in.  annealed  crane  chain  around  the  block,  fasten- 
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ing  one  end  to  the  block  and  one  to  the  machine,  with  a  weight  of  500  lb.  at  a  dis- 
tance of  12  ft.  6  in.  from  the  center  of  the  driving  shaft.  The  chain  broke  with  a 
dear  fracture.     All  the  links  of  this  chain  were  strained  beyond  the  elastic  limit. 

We  next  took  a  }-in.  chain  and  fastened  it  in  the  same  manner  and  added  weight 
up  to  600  lb.,  including  the  weight  of  the  beam,  at  a  radius  of  12  ft.  6  in.  from  the 
center  of  the  shaft.  At  this  point  the  cast  iron  quill,  which  had  a  bevel  gear  con- 
nected at  one  end  and  the  chilled  friction  drum  at  the  other  end,  ruptured,  the 
cndc  extending  from  the  top  of  the  flange  down  the  spindle  a  distance  of  16  in.  in 
a  spiral  of  1)  revolutions,  as  shown  at  B,  Fig.  15,  the  fracture  showing  clean, 
dose-grained  iron.  This  cast  iron  quill  was  5  in  in  diameter  and  cast  around  a 
raog^umed  shaft  2^  in.  in  diameter.  It  had  a  flange  at  the  top  8i  in.  in 
diameter  by  1^  in.  thick. 

This  was  the  extent  to  which  we  carried  out  experiments  and  under  the  above 
oonditiona  the  friction  clutch  did  not  slip  after  it  had  taken  hold. 

The  following  calculation  gives  the  poimds  pull  exerted  on  the  chain : 

600  X  150  X  49       ,^  ^^^  ,^    , 

— — -— 16  036  lb.  (more  or  less) 

22  X  12) 

The  pull  exerted  on  the  large  end  of  the  coil  would  be  equal  to 

16  036  X  12i 


6 


*-  32  761  lb.  (more  or  lees) 


The  horse  power  of  the  clutch  at  100  r.  p.  m.  imder  the  above  conditions  would 

be 

32  761  X  3.1416  X  100       ^_  , 

'■ —  302  h.p. 

33  000  ou       p 

22  A  clutch  of  this  kind  has  been  in  service  some  two  years, 
drawing  spring  wire  largely.  No  repairs  or  adjustments  have  been 
made  during  that  time.  The  one  commercial  objection  to  it  is  its 
considerable  cost,  but  it  is  expected  that  its  good  behavior  will  more 
than  offset  that. 

CLUTCH   OF  SMALL  DIMENSIONS 

23  A  strong  demand  has  developed  for  a  clutch  of  very  small 
dimensions  for  a  given  capacity.  This  demand  has  been  met  in 
rather  a  curious  way.  Instead  of  cast  iron  or  metal  of  ordinary 
strength,  hardened  tool  steel  frictional  parts  have  been  resorted  to. 
TWs  permits  exceedingly  high  normal  pressures  between  the  fric- 
tional surfaces.  Fig.  16  gives  a  very  good  idea  of  this  form  of  clutch. 
It  will  be  seen  by  inspection  that  the  operating  collar  A  forces  wedge  B 
betwe^  the  long  arms  of  the  two  levers  C,  spreading  them  in  such  a 
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manner  as  to  expand  a  hardened  steel  ring  D  against  the  hardened 
steel  enclosing  drum  E. 

24  As  much  as  100  h.p.  has  been  transmitted  at  1000  r.p.m.  with 
a  clutch  containing  friction  rings  5}  in.  in  diameter  and  1^  in.  wide. 
This  form  of  clutch  has  been  largely  introduced  into  automatic 
machines,  machine  shop  countershafts  and  latmch  engines.  Its 
engagement  is  apparently  soft  enough  for  any  of  these  purposes,  but 
in  connection  with  automobile  service  it  is  yet  in  the  experimental 
stage. 

CLUTCHES   WITH   CORK   FRICTION   SURFACES 

26  In  connection  with  the  commercial  clutches  of  the  forms 
now  under  discussion,  cork  has  recently  entered  the  field  to  a  consider- 


FiG.  16     Example  of  Clutch  of  Small  Diameter 

able  extent  and  apparently  with  considerable  success.  It  has  a  high 
coefficient  of  friction,  probably  double  that  of  wood  or  leather  on 
iron.  Its  behavior  is  peculiar  because  of  its  elasticity  under  compres- 
sion. 

26  As  a  rule  the  corks  are  forced  into  suitable  cavities  formed  for 
them  in  one  of  the  metallic  frictional  surfaces.  The  corks  are  previ- 
ously boiled  and  thereby  softened  and  then  pressed  into  the  cavities. 
Thus  established  in  a  metal  surface  they  normally  protrude  above  the 
surrounding  surface  and  engage  first  when. the  surfaces  are  brought 
together.    If  sufficient  pressure  is  applied  to  the  clutch  they  are 
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forced  down  flush  with  the  metal  surface  and  act  with  it  in  carrying 
theload.  Following  the  release  of  the  load  they  again  protrude  beyond 
the  surrounding  metal  surface. 

27  Two  forms  of  cork  are  used,  one  in  its  natural  condition,  the 
other,  which  is  stronger  and  firmer  and  yet  very  elastic,  prepared  as 
follows:  small  pieces  are  compressed  into  any  desired  shape  under 
very  great  pressure  and  enough  heat  to  cause  the  natural  gums  of  the 
cork  to  exude  and  act  as  a  binder.  This  form  of  prepared  cork  has 
not  had  wide  use  because  of  expense.  Nevertheless,  a  clutch  with 
cork  friction  surfaces  will  carry  a  greater  load  for  its  size  than  one  of 
the  usual  materials.  For  example,  a  Dodge  friction  clutch  carrying 
500  h.p.  gave  much  trouble  on  account  of  being  overloaded.  This 
clutch  was  strained  up  as  tight  as  possible  and  it  was  all  a  man  could 
do  to  throw  it.  The  maple  blocks  used  were  replaced  with  compressed 
cork.  It  was  then  possible  to  loosen  the  adjustment  of  the  clutch 
to  such  an  extent  that  the  operator  could  throw  it  with  little  effort. 
Following  this  change  it  was  found  that  a  set  of  cork  blocks  outlasted 
the  maple  ones  five  to  one. 

28  Prof.  I.  N.  Hollis  of  Harvard  University  has  determined  the 
coefficient  of  friction  of  cork  on  cast  iron  to  be  from  0.33  to  0.37,  the 
former  for  the  heavier  loads.  For  cast  iron  on  cast  iron  he  found  the 
coefficient  to  be  0.16  and  for  bronze  on  cast  iron  0.14.  The  coefficient 
of  friction  of  cork  on  iron,  therefore,  apparently  is  about  double  that 
of  iron  on  iron.  It  is  claimed  that  the  coefficient  for  cork  is  nearly 
as  high  when  lubricated  and  that  cork  is  much  less  affected  by  mois- 
ture than  the  maple  blocks  ordinarily  used. 

29  Other  tests  have  been  made  by  Prof.  C.  M.  Allen  of  the  Wor- 
cester Polytechnic  Institute  in  connection  with  loom  clutches.  His 
results  show  a  torque  for  cork  inserts  nearly  double  that  of  a  leather- 
faced  clutch  for  a  given  dimension. 

AUTOMOBILE   CLUTCHES 

30  Soon  after  1895  the  evolution  of  the  automobile  or  motor 
vehicle  commenced  in  earnest.  There  was  no  difficulty  in  the  way  of 
operating  the  vehicle  with  steam  or  electricity.  Positive  connection 
between  motor  and  wheels  was  quite  possible  because  of  the  flexibil- 
ity of  the  motor. 

31  It  was  realized,  however,  that  these  were  not  the  most  desir- 
able sources  of  power.  The  gas  engine  in  its  stationary  forms  was 
available.     Starting  as  it  does  with  an  explosive  impulse,  direct  con- 
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nection  with  the  wheels  of  a  vehicle  was  entirely  out  of  the  question. 
Consequently,  a  motor  vehicle  with  a  gas  engine  for  prime  mover 
was  impossible  without  some  means  by  which  the  motor  and  wheels 
could  be  separated  during  the  starting  of  the  motor. 

32  In  May  1879,  Geo.  B.  Selden  applied  for  a  patent  on  a  road 
engine  in  the  United  States  Patent  OflSce.  His  application  incorpor- 
ated the  use  of  a  clutch  interposed  between  the  engine  and  the  gearing, 
so  as  to  admit  of  running  the  engine  while  the  carriage  remained  sta- 
tionary. This  is  certainly  one  of  the  early  recognitions  of  the  impor- 
tance of  the  clutch  in  automobile  construction. 

COMPARATIVE  TESTS  OF  LOOM  CLUTCHES 

TOBQUB  MbABURKD  IN  PoUNDS  FbXT 


Position  of  elutoh 


Average  results  of  eight  positions  , 
Average  results  of  eight  positions  , 


Pressure  on 
clutch  pounds 


Average  results  of  eight  positions  . 
Average  results  of  eight  positions  , 
Average  results  of  eight  positions  , 
Average  results  of  eight  positions  , 
Average  results  of  eight  positions  , 


80.6 
151.5 
213.0 
275.0 
337.0 

308.0 
460.0 


No.  1  "oompo" 
clutch  with 
cork  inserts 


10.50 
34.20 
46.43 
57.05 
73.83 


I  No.  2  leather- 
'  faced  clutch 


82.24 
Ob.48 


16.05 
17.66 
23.00 
20.46 
36.00 

41.31 
47.56 


33  Perhaps  the  simplest  form  of  automobile  clutch  is  that  com- 
monly used  for  small  machines  and  in  connection  with  the  planetary 
type  of  change  gear.  It  operates  by  pressing  one  disc  against 
another,  the  frictional  surfaces  being  leather,  bronze,  or  copper,  against 
iron  or  steel.  In  Fig.  17  is  shown  a  clutch  of  this  type  in  use  in  a 
successful  single  cylinder  automobile.  The  following  data  were  fur- 
nished by  the  makers,  the  Cadillac  Motor  Car  Company,  of  Detroit: 

Maximum  radius  of  leather  frictional  surface 4U  in* 

Minimum  radius  of  leather  frictional  surface 3^  in- 
Mean  radius  of  leather  frictional  surface 4^  in- 

Area  of  leather  frictional  surface 36J  sq.  in. 

Axial  pressure,  from 1000  to  12001b. 

Capacity    /^^"^ P®^®' ^^  ^^ 'P™ ^ ^-P- 

[^  Horse  power  at  1400  r.p.m 10  h.p. 
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34  The  axial  pressure  in  a  clutch  of  this  kind  is  usually  produced 
by  a  spring  disc;  that  is,  the  steel  plate  which  carries  the  frictional 
surface,  either  leather  or  copper,  is  caused  to  operate  like  a  diaphragm 
spring.  The  diameter  for  a  car  of  7  h.p.  or  8  h.p.  is  usually  from  5 
in.  to  10  in.,  the  rubbing  surfaces  being  from  one-half  to  three-quarters 
of  the  entire  superficial  area  of  the  disc.  Such  clutches  are  mostly 
available  for  two-speed  cars,  the  disc  clutch  connecting  with  the  engine 
direct  and  running  at  engine  speed,  the  planetary  system  being  used 
only  for  low  speed  and  reverse  work,  actuated  by  contracting  band 
dutches. 

35  Motor  vehicles  so  geared  have  their  uses,  but  early  in  their  devel- 
opment it  was  found  that  three  or  four  speeds  were  desirable.     Boxes 


Fio.  17    Planetary  Clutch 

of  sliding  or  change  gears  were  resorted  .to,  and  here  the  character  of 
the  clutch  became  of  prime  importance.  To  be  satisfactory,  an 
automobile  clutch  used  in  this  manner  must  engage  and  disengage 
easily,  requiring  but  small  axial  movement  of  the  operating  mechan- 
ism, or  of  the  clutch  itself.  It  must  be  entirely  independent  of  cen- 
trifugal force,  and  able  to  slip  for  a  reasonable  length  of  time  without 
being  destroyed. 

36  The  matter  of  absolute  disengagement  is  perhaps  the  most 
important.  Without  it  the  sliding  gears  intended  to  be  operated 
when  the  clutch  is  free  or  disengaged  cannot  be  unmeshed  nor  re- 
meshed.  The  slightest  drag  or  friction  in  the  clutch  means  a  savage 
clashing  of  gears  when  changed.  Gears  with  the  teeth  worn  away 
were  the  rule  rather  than  the  exception  in  the  early  history  of  the  art. 
This  was,  no  doubt,  due  to  the  imperfect  disengagement  of  the  clutch. 
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37  The  use  of  a  system  of  gear  change  requh-ing  the  clashing  of 
moving  gears  cannot  receive  the  complete  approval  of  the  engineering 
world;  yet  this  system  has  become  a  success  by  a  combination  of 
improvements  in  clutch  and  materials  of  which  the  gears  are  made, 
and  treatment  of  the  materials. 

38  An  important  feature  in  a  clutch  is  weight,  especially  as  affect- 
ing its  inertia.  A  clutch  having  high  flywheel  effect  spins  to  such  an 
extent  as  to  cause  violent  clashing  of  idle  gears.     Consequentl3', 


•  •       //  ^  ^\      \  »  XT     /  T 
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Fig.  18    Location  op  Automobile  Clutch 
1,  flywheel;  2,  cylinder  enclosing  clutch;  3,  clutch  shifting  coUar;  4,  lever  oper- 
ating sliding  collar;  5,  engine  base;  6,  foot  pedal;  7,  floor  boards 

clutches  are  made  as  light  as  possible,  and  the  smaller  in  diameter 
the  better.  Aluminum  enters  largely  into  clutch  construction  for 
this  reason.  The  spinning  has  been  met  in  many  automobiles  by  a 
so-called  clutch  brake — a  retarding  finger  which  operates  in  connec- 
tion with  the  clutch-disengaging  lever  and  bears  upon  some  por- 
tion of  the  driven  meml)er  of  the  clutch,  braking  it  to  a  standstill. 
39  Any  automobile  clutch  must  engage  smoothly  and  absolutely 
without  shock  to  be  called  a  success.     The  quicker  it  seizes  without 
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shock  the  better  it  is.  Clutches  exist  that  can  be  engaged  suddenly 
and  still  not  jar  the  passengers.  But  such  a  clutch  is  open  to  one 
very  serious  objection ;  that  of  not  picking  up  the  load  quickly  enough 
on  a  hill  to  start  the  car  forward  after  a  change  of  gears,  before  the 
momentum  of  the  car  is  materially  lessened.  For  example,  in  chang- 
ing from  the  high  gear  to  the  next  lower  on  a  steep  hill,  a  clutch  that 
is  too  soft  will  permit  the  speed  and  momentum  of  the  car  to  drop 
to  such  an  extent  that  when  the  clutch  finally  does  take  hold  the  car 
is  nearly  at  a  standstill.  This  necessitates  a  further  drop  into  a  lower 
gear;  one  that  will  start  a  car  from  a  standstill  on  a  hill.  The  clutch 
d^gner  is,  therefore,  between  two  fires;  too  little  slip  on  one  hand  and 
too  much  slip  on  the  other.  A  degree  of  slip  between  the  two  must 
be  found,  and  once  found  be  capable  of  being  maintained.  It  is 
doubtful  if  such  a  problem  exists  in  connection  with  clutches  any- 
where else  in  the  mechanical  art. 

40  The  customary  location  for  an  automobile  clutch  is  within  the 
flywheel  or  at  least  at  the  rear  end  of  the  engine  if  the  flywheel  is  at 
the  front.  Fig.  18  shows  the  application  of  the  multiple-disc  type 
with  very  little  room  between  the  gear  box  and  the  clutch,  and  only 
an  Oldham  coupling  to  give  flexibility.  This  would  be  too  close  con- 
struction (as  will  be  shown  later)  for  the  application  of  the  cone  type 
of  clutch,  which  reijuires  so  much  flexibility  back  of  it;  but  the 
illustration  gives  a  very  clear  idea  of  automobile  clutch  location  in 
giwieral. 

THE  CONE  CLUTCH 

41  I  will  take  up  the  simplest  form  first,  namely,  the  cone.  I 
am  pretty  well  satisfied  that,  all  things  considered,  it  is  the  best 
form  when  properly  designed  and  mounted.  It  has  the  advantage  of 
^Wng  and  disengaging  with  very  small  axial  motion.  Axial 
pressure  may  be  low  because  the  normal  pressure  between  frictional 
surfaces  is  multiplied  by  the  angularity  of  the  cone.  Its  weight  may 
be  very  small,  as  the  male  member  may  be  of  aluminum.  Its  engage- 
naent  is  entirely  independent  of  speed  and  centrifugal  force.  No  liquid 
lubricant  is  needed  with  attending  viscosity,  drag,  and  change  due 
to  wear  and  temperature.  Disengagement  may,  therefore,  be  made 
perfect. 

42  Proper  engagement,  however,  has  proved  a  very  difficult 
and  baffling  problem,  and  I  think  has  caused  nearly  all  the  rejections 
of  the  cone  clutch.  A  cone  clutch  may  operate  almost  as  savagely 
w  a  positive  jaw  clutch.     It  may  also  refuse  to  engage,  if  it  does  not 
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have  the  proper  combination  of  angularity,  pressure  and  lubrication. 
It  may  behave  well  at  times  and  very  badly  at  other  times.  A  cone 
clutch  of  given  angles  and  dimensions,  with  a  definite  axial  pressure, 
may  be  a  success  in  one  car  and  an  absolute  failure  in  another. 

43  The  cause  of  this  contradictory  behavior  may  not  be  in  the 
clutch  proper;  on  the  contrary,  it  is  often  in  the  surrounding  mechan- 
ism of  the  clutch.  The  cone  clutch  must  be  absolutely  free  to  center 
it^lf  and  seat  itself  uniformly.  A  short  Oldham  coupling  or  a  single 
universal  joint  between  the  clutch  and  the  driven  shaft  of  the  car  is 
not  enough  to  permit  this  under  all  conditions. 

44  The  weaving  of  the  frame  of  the  car  puts  cross  strains  on  such 
a  coupling,  causing  it  to  bind  and  causing  the  clutch  to  sdze  on  one 
side  before  the  other  and  be  drawn  suddenly  into  full  contact.  A  change 
of  angle,  increased  lubrication  and  a  change  of  materials  on  the  fric- 
tion surface  will  not  remove  the  trouble  arising  from  this  cause.  A 
pair  of  generous,  free-working  universal  joints  must  be  provided, 
that  the  cone  may  reach  its  seat  as  intended. 

45  Similarly,  an  engine  mounted  on  a  flexible  sub-frame  or  pan 
support  may  move  sufficiently  to  prevent  the  proper  seating  of  the 
cone  and  cause  a  similar  line  of  troubles.  The  male  member  must  be 
mounted  so  as  to  be  flexible  enough  to  foUowsuch  small  movements. 

46  Experience  has  been  a  long  time  in  teaching  engineers  that  so 
much  trouble  can  arise  from  apparently  so  small  a  cause;  yet  there 
are  cases  where  misbehaving  clutches  have  been  made  well-nigh  per- 
fect by  the  introduction  of  flexible  couplings. 

47  Leather  (riveted  to  an  aluminum  cone)  usually  forms  one 
of  the  rubbing  surfaces  and  gray  cast  iron  the  other.  The  leather 
should  be  kept  soft  by  neatsfoot  or  castor  oil.  Some  builders  boil 
the  leather  in  tallow  before  applying  to  the  clutch  siuface;  but  this 
matter  is  of  minor  importance  compared  with  the  mounting.  With 
leather  J  in.  to  |  in.  thick,  properly  softened,  engagement  may  be 
sufficiently  mild,  but  an  improvement  is  to  place  imder  the  leather 
at  six  or  eight  points  on  the  periphery  of  the  cone  flat  or  spiral 
springs  that  cause  it  to  engage  at  these  points  a  little  bit  before  engag- 
ing elsewhere. 

48  It  is  obvious  that  the  construction  suirounding  the  clutch 
must  be  such  that  an  unusual  supply  of  lubricant  can  by  no  means 
find  its  way  to  the  frictional  surfaces  of  the  clutch.  The  flywheel 
prevents  any  oil  from  the  engine  working  its  way  back,  being  provided 
with  oil  trap  grooves  for  that  purpose  if  necessary. 

49  From   the  other  direction,  the  gear-box,  for  example,  oil 


Digitized  by  VjOOQIC 


CLUTCHBS 


56 


ordinarily  does  not  get  as  far  as  the  clutch,  as  there  is  usually  a  con- 
aderable  space  between.  In  general,  it  may  be  stated  that  the  cone 
clutch  is  as  free  as  any  other  from  variations  due  to  lubricants.  The 
leather  surfaces  gradually  become  dry  and  hard,  requiring  the  appUca- 
tion  of  castor,  or  preferably  neatsfoot  oil,  but  not  very  often. 

50  With  proper  usage,  cone  clutches  with  leather  faces  seem  to 
last  indefinitely.  I  have  accurate  knowledge  of  cars  that  have 
been  driven  sm*ely  20  000  or  30  000  miles  without  replacement  of  the 
leather  on  the  cone  face,  and  I  have  yet  to  experience  any  trouble 
from  the  wearing  of  the  leather  face.  A  clutch  that  I  had  used  for 
about  2500  miles  gave  no  evidence  of  wear,  and  it  had  received  no 
attention  except  a  few  doses  of  neatsfoot  oil. 

51  There  is  one  defect  in  the  operation  of  the  cone  clutch  that 
has  caused  considerable  trouble.  The  clutch  necessarily  requires 
some  end  or  axial  motion  and  a  slip-joint  that  will  permit  it.  An 
ordinary  square  slip-shaft  has  been  commonly  used.  Instances 
have  been  found  where  these  square  slip-shafts  have  jammed  under 
load  and  seized,  so  as  to  prevent  the  disengagement  of  the  clutch 
at  critical  moments.  Improved  materials,  increased  dimensions 
and  better  facilities  for  lubrication  have  ciu*ed  much  of  the  trouble. 
Generous  feathers  and  splines  have  been  resorted  to,  which  present 
working  surfaces  that  are  normal  to  each  other  and  which  avoid 
any  cam-like  or  wedging  action  which  may  exist  with  a  square  shaft 
bearing  in  a  reasonably  easy-fitting  square  hole.  Here,  again,  the 
perfect  freedom  introduced  by  double  universal  joints  plays  an 
important  part,  the  square  shaft  being  very  much  less  apt  to  bind 
when  perfectly  free  to  center  itself. 

52  There  has  been  a  considerable  variety  of  opinion  as  to  the 
proper  cone  angle.  Various  authorities  have  placed  it  all  the  way 
from  7  deg.  to  20  deg.  The  French  have  settled  on  an  8  deg.  to 
9  deg.  angle  as  about  right  for  a  leather  faced  cone.  Several  impor- 
tant American  makers  are  using  12  deg.  to  13  deg.,  several  10  deg., 
and  others  8  deg.  The  following  table  gives  the  dimensions  of  cone 
dutches  used  on  three  different  models  which  are  probably  as  suc- 
cessful as  any: 


Am  of  fl3rwhe«l {  113. 1  sq.  in. 

Amle  (on«  tide)    8  deg. 

Bacfioi  (ouudmQm) 8i  a. 

Sprinc  prcMure 376  ib. 

Home  power  by  A.L.A.M.  FonnoUt |  48 


78.7  aq.  In.        73.59  aq.  in. 

8  deg.  I      8  dec. 

8i  in  71  in. 

320  ib.  290  lb. 


42 


40 


Digitized  by  VjOOQIC 


56 


CLUTCHES 


53  The  metal-tometal  cone  clutch  may  be  made  smaller  in 
diameter  and  with  a  sharper  angle,  say  7  deg.,  without  seizing,  and 
may  be  copiously  lubricated.  This  form  has  been  used  only  to  a  small 
extent.     The  dividing  line  between  slipping  and  seizing  is  narrow. 

54  Another  form  of  cone  clutch  has  an  aluminum  male  member  of 
about  12  deg.  angle  bearing  against  cast  iron  and  with  cork  inserts 
in  the  face  of  the  male  member.  This  clutch  is  not  easily  affected  by 
a  lubricant  and,  in  fact,  may  be  run  with  copious  lubrication.  This 
type  has  not  been  widely  enough  used  yet  to  give  sufficient  knowledge 
as  to  the  possibility  of  general  appUcation  under  many  varying  con- 
ditions. 

55  Up  to  this  time  I  have  referred  entirely  to  what  may  be  called 
a  direct-acting  cone,  one  where  the  male  part  of  the  cone  moves  axially 


Fig.  19  Fia.  20 

Leather-faced  Cone  CLurcHBa 

towards  the  engine,  as  illustrated  in  Fig.  19,  which  shows  about  the 
simplest  form  of  leather-faced  cone  clutch.  Modifications  of  this 
type  are  many.  Fig.  20  shows  a  clutch  of  the  same  principle,  but 
instead  of  one  strong  actuating  spring  surrounding  its  axis,  it  has 
three  weaker  spiral  springs  nearer  the  periphery  of  the  male  member. 
56  Fig.  21  is  a  clutch  used  for  a  50-h.p.  car,  with  a  cone  angle 
of  13  deg.,  a  diameter  of  about  16  in.,  a  total  frictional  area  of  about 
128  sq.  in,  and  axial  pressure  of  375  lb.  resulting  from  spring.  This  cut 
clearly  shows  a  small  spiral  plunger  spring  A,  underneath  the  leather 
face  5,  to  make  it  pick  up  its  load  more  quietly  and  smoothly.     This 
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Fig.  21    Cone  Clutch  for  50-h.p.  Automobile 

cut  also  shows  a  form  of  slip-joint  back  of  the  clutch  C,  which, 
although  it  does  fairly  good  work,  is  not  on  the  whole  as  satisfactory  as 
the  double-toggle  universal  joint.  It  will  be  noticed  that  the  arms 
of  this  joint  have  been  spread  as  widely  as  possible,  but,  at  the  best, 
the  pressure  and  binding  action  is  considerable. 


Fig.  22    Clutch  of  S&iall  Dimensions  for  30-h.p.  Car 
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57  In  direct  contrast  to  this  clutch  is  the  one  shown  in  Fig.  22, 
where  the  diameter  of  the  cone  is  very  much  less,  not  to  exceed  10  in. 
This  is  a  clutch  used  in  connection  with  a  car  developing  30  h.p., 
A.L. A.M.  rating,  and  one  that  has  developed  much  higher  horse  power 
on  the  block — as  high  as  36  h.p.  The  clutch  angle  is  13  deg.  and  the 
f Fictional  area  the  first  two  years  this  car  was  built  was  86  sq.  in.,  but 
this  has  recently  been  raised  to96sq.in.,thespringpressureremaining 
at  400  lb.  It  will  be  noted  that  at  the  bottom  of  this  cut  there  is  a 
sketch  showing  the  spiral  spring  plungers  underneath  the  leather. 

58  Fig.  23  shows  an  early  form  of  cone  clutch  used  in  1902  or 
1903  for  a  car  of  about  20  h.p.  This  has  multi-springs  for  creating 
the  proper  frictional  contact  and  a  peculiar  form  of  spring  application. 


FiQ.  23    Early  Form  op  Ck)NE  Clutch 

simple  in  the  extreme.  One  of  the  early  forms  of  toggle  joint  is  also 
shown  at  A,  This  gave  in  its  day  what  was  considered  very  good 
service. 

MODIFICATIONS   OP  CONE  CLUTCH 

59  The  so-called  inverted  cone  is  well  illustrated  in  Fig.  24. 
The  reversed  cone  is  contained  in  an  extension  A,  built  on  the  fly- 
wheel 5.  When  the  cone  is  disengaged  it  moves  toward  the  engine, 
exactly  reversing  the  action  of  the  foregoing  type.  This  clutch  has 
its  adherents,  and  it  is  a  good  one,  differing  very  slightly  in  efficiency, 
if  properly  assembled,  from  the  djMjL  acting  cone.  It  may  be  kept 
free  from  dirt  and  oil  much  mor^^^b  than  the  other  form. 

60  The  following  is  a  simple^^mula  for  calculating  the  ordinary 


^djM||a( 
r^^^pi 
le^^Kuli 
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cone  clutch,  contributed  by  Chas.  H.  Schabinger  to  The  Horseless  Age 
of  October  2, 1907: 


fc.p. 


PfrR 
63  000  sin  6 


P  =  Assumed  pressure  of  engaging  spring  in  pounds. 
/  =  CoeflScient  of   friction,  which  in  ordinary    practice  is 

about  0.25. 
r  =  Mean  radius  of  the  cone  in  inches. 
R  =  Revolutions  of  the  motor  per  minute, 
sin  ff  =  Sine  of  the  angle  of  the  clutch. 


FiQ.  24    Modifications  of  Cone  Clutch 

*  61    To  obtain  the  size  of  spring  when  the  horse  power  is  known, 
the  following  formula  may  be  used  with  good  results: 

p      h.p.  63  000  sin  tf 
/  r  R 

the  same  symbols  being  used  as  in  the  preceding  formula. 

62  It  will  be  noted  that  the  coefficient  of  friction  used  is  0.25. 
This  is  probably  near  enough  for  a  properly  lubricated  leather-iron 

clutch. 

EXPANDING    BAND   CLUTCH 

63  The  next  type  of  dutch  may  be  classified  as  internal  expand- 
H  band  or  ring.    This  has  had  many  exponents  in  the  automobile 
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art;  but  is  open  to  centrifugal  effects  to  such  an  extent  that  it  requires 
considerable  ingenuity  to  overcome  troubles  arising  therefrom.     At 


Fig*  25    Expanding  Band  Clutch 

high  engine  speeds  the  operating  levers  have  in  many  cases  been  so 
arranged  as  to  lower  the  normal  pressure  between  the  frictional  sur- 
faces, resulting  in  a  slippage  and  arbitrarily  fixing  a  maximum  limit 


Fig.  26  Fig.  27 

Modifications  op  Band  Clutches 

of  speed  for  the  car  on  the  high  gear,  and  of  horse  power  possible  to 
develop  in  low  gear. 
64    Fig.  25  shows  a  clutch  operating  on  the  same  principle,  driv- 
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ing  a  16-h.p.  car,  the  spring  pull  being  50  lb.,  the  diameter  of  the 
clutch  about  9.50  in.,  and  the  width  of  the  band  2  in. 

65  This  clutch  was  particularly  soft  in  operation,  but  did 
release  at  high  engine  speeds.  It  operated  best  with  a  certain 
definite  quality  and  quantity  of  lubricant,  which,  if  varied  to  any 
great  extent,  caused  a  slipping  clutch  or  a  sharply  biting  clutch. 
The  tendency  of  the  clutch  is  to  unwrap  and  expand  against  the 
enclosing  cylinder  as  soon  as  any  friction  is  applied  to  it. 

66  The  successor  of  this  clutch,  shown  in  Fig.  26,  was  designed 
to  overcome  the  centrifugal  releasing  eflfect  of  levers  in  the  clutch 


Fig.  28 


FiQ.  29 


Contracting  Band  Clutches 


shown  in  Fig.  25.  The  total  area  of  the  clutch  is  36  sq.  in.  and  the 
two  springs  are  each  of  125  lb.  tension.  This  clutch  was  a  success, 
but  was  finally  given  up  in  favor  of  a  simple  cone. 

CONTRACnNQ    BAND   CLUTCHES 

67  The  exponents  of  the  contracting-band  type  of  clutch  are  few 
and  far  between,  unless  the  contracting  spiral,  Fig.  27,  be  so  classed,  as 
perhaps  it  should  be.  Fig.  28  and  29  show  a  contracting  band,  charac- 
teristic of  one  of  the  prominent  French  cars  (Mors).  A  leather-lined 
flexible  steel  band  (8)  contracts  against  a  steel  cyUndrical  band  (2) 
bolted  to  the  flywheel  (1).  Clutches  of  this  character  are  seldom 
found  in  the  automobile  industry,  except  in  two-speed  cars. 

68  About  1897  a  single  cylinder,  10-h.p.  car  was  equipped  with 
a  clutch  such  as  shown  in  Fig.  29,  a  leather-lined  band,  very  flexible 
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in  character,  wrapping  around  the  hub  of  a  flywheel  and  tightened 
with  a  spring  pressure  of  about  50  lb.  against  a  wedge.  In  this  clutch 
a  weight  was  furnished  which  would  throw  out  at  high  speeds  and 
further  tend  to  tighten  the  band  about  the  hub  of  the  flywheel.  The 
fact  that  this  clutch  has  not  had  any  successors  is  an  indication  that 
it  could  not  compete  with  other  forms;  nevertheless,  it  was  a  successful 
clutch,  especially  for  its  time. 

69  Fig.  27  shows  a  form  of  clutch  that  has  had  prominent  adher- 
ents. It  is  the  wrapping  spiral  spring,  of  either  hard  or  soft  metal. 
The  cut  indicates  the  spring  in  cross  section,  marked  6,  wrapping  on 
the  drum  4-  Probably  the  greatest  enemy  to  this  clutch  has  been 
the  adjustment  of  the  clutching  force.     With  too  little  lubrication 


Fig.  30    Wrapping  Band 


Fig.  31      Single  Disc 


these  clutches  grip  too  savagely.  With  too  much  lubrication  they 
will  not  pick  up  their  load  rapidly  enough.  The  margin  is  narrow 
and  hard  to  control.  With  a  viscous  lubricant  there  is  enough  drag  to 
make  the  gears  clash  badly.  The  disengagement  is  not  very  com- 
plete at  the  best. 

DISC   CLUTCHlSS 

70  The  single-disc  clutch  is  widely  used,  both  here  and  abroad. 
It  is  so  characteristic  of  a  French  make  as  to  take  the  name  of  the 
firm — the  De  Dion.  It  is  now  used  in  this  country  by  one  firm 
for  horse  powers  ranging  from  70  to  20,  for  pleasure  and  for  commer- 
cial service.    The  clutch  has  a  disc  A,  Fig.  31,  on  the  driven  member 
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B,  which  is  clamped  between  two  disc^  C,  on  the  driving  member  or 
flywheel.  In  Fig.  31  this  arrangement  is  clearly  shown.  There  are 
the  nece^ary  accompaniments  of  separating  springs,  so  as  to  make 
disengagement  perfect,  also  either  single  or  multiple  springs  to  cause 
the  proper  engagement. 

71  Fig.  32  shows  the  same  kind  of  a  clutch  in  a  slightly  different 
form.  The  springs  in  this  case  are  on  the  front  side  of  the  flywheel 
rather  than  on  the  rear,  as  in  Fig.  31.  Cork  inserts  are  being  used 
in  this  clutch  to  considerable  advantage. 

72  Another  form  is  the  now  popular  multi-disc  clutch;  that  is, 
the  elaboration  of  the  Weston  clutch,  to  which  I  have  already  referred. 


FiQ.  32  FiQ.  33 

Ttpes  of  Disc  Clutches 

This  clutch  is  indicated  clearly  by  Fig.  33,  the  alternate  plates  of 
bronze  and  steel  attached  to  driving  and  driven  parts  being  pressed 
together  by  a  powerful  spring,  5. 

73  The  question  of  lubrication  is  the  all-controlling  one  here, 
in  fact,  the  principal  problem  in  connection  with  the  multi-disc  clutch 
as  a  type  seems  to  be  proper  lubrication.  I  have  ridden  in  cars 
equipped  with  such  clutches  that  were  extremely  savage  in  taking 
hold,  and  in  others  of  the  same  make  that  were  extremely  slow.  In 
a  way,  this  is  desirable.  For  example,  in  a  hill-climbing  contest  or 
race  one  would  wish  to  pick  up  quickly  and  would  be  perfectly  willing 
to  put  up  with  a  harsh  clutch  and  lubricate  accordingly.     On  the 


Digitized  by  VjOOQIC 


64 


CLUTCHES 


other  hand,  a  car  running  about  a  level  city,  encountering  few- 
bad  hills,  would  be  able  to  lubricate  excessively  and  still  have  a 
satisfactorily  driven  automobile.  A  clutch  so  lubricated  would  be 
extremely  soft,  and  yet  pick  the  car  up  fast  enough  for  ordinary  pur- 
poses on  level  roads. 

74  Cold  and  heat  affect  the  operation  of  this  clutch,  the  lubricant 
in  summer  being  thicker  than  can  be  permitted  in  winter.  As  it 
runs  in  oil  it  takes  a  certain  length  of  time  for  the  oil  to  squeeze  out 
when  engaged  and  for  the  metal  to  come  in  contact  with  metal  and 


Fig.  34 

Types  op  Multi-disc  Clutches 


Fig.  35 


really  begin  to  drive  the  car.     It  will  be  seen  from  this  that  the  vis- 
cosity of  the  lubricant  is  of  prime  importance. 

75  One  form  of  multiple  disc  clutch  in  use  in  a  very  high  grade 
car  consists  of  steel  discs  rubbing  against  a  special  bronze  rolled  into 
sheets.  The  steel  discs  are  provided  with  several  small  tongues  on 
the  outer  periphery,  each  bent  one  side  enough  to  come  in  contact  with 
the  next  steel  disc,  for  the  purpose  of  separating  the  discs  and  over- 
coming the  drag  when  the  clutch  is  disengaged.  A  small  clutch  brake 
is  also  provided  to  overcome  the  inertia  or  drag  inherent  in  the 
clutch  and  due  to  viscosity  of  lubricant.  The  steel  discs  are  put  into 
the  clutch  as  received  from  the  rolling  mill,  with  the  hard  black  finish 
characteristic  of  carefully  finished  crucible  sheet  steel. 
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76  This  clutch  is  connected  with  the  crank  case  so  that  oil  feeds 
into  it  from  the  crank  case  through  a  hole  drilled  in  the  center  of  the 
crank  shaft.  Entire  reliance,  however,  is  not  placed  on  this  supply, 
a  little  extra  oil  being  supplied  every  two  or  three  days  through  holes 
provided  for  that  purpose. 

77  Another  form  of  this  same  type  of  clutch  is  shown  in  Fig, 
34.  Comparatively  few  discs  are  used  as  will  be  noted.  On  the 
other  hand,  it  is  apparent  that  the  spring  pressure  is  very  heavy. 
This  is  a  successful  and  well  behaving  clutch  used  on  a  popular  car 
at  the  present  time.  It  drags  but  little  when  the  gears  are  changed 
and  is  satisfactory  in  that  respect. 

78  A  type  of  disc  clutch  consbting  of  all-steel  discs  with  alt;emate 
ones  faced  with  leather  was  operated  without  any  oil  whatsoever, 
the  leather  being  softened  and  made  more  or  less  pliable  like  the  leather 
on  the  simple  cone  clutch.  These  clutches  gave  some  trouble  by 
burning  up,  the  slip  required  to  start  smoothly  being  also  sufficient 
to  create  enough  heat  to  destroy  the  leather.  This  clutch  was,  how- 
ever, extremely  efficient  in  the  transmission  of  power.  For  exam- 
ple, one  with  discs  about  7  in.  in  diameter  was  powerful  enough  to 
drive  an  automobile  of  50  h.p. 

79  It  must  be  remembered  that  the  automobile  engine  runs  at 
high  speed,  say  1000  to  1200  r.p.m.,  when  developing  anywhere  near 
its  normal  rating,  some  motors,  in  fact,  running  up  as  high  as  1500 
to  1800  r.p.m.  (standard  rating  is  at  1000  ft.  per  minute  piston  speed). 

80  It  is  a  fact  that  in  service  cars  with  disc  clutches  of  this  charac- 
ter var>'  more  or  less  in  the  way  their  clutches  behave.  Clutches 
receive  very  much  less  attention  than  they  ought,  like  everything 
else  on  the  automobile.  I  think  it  will  be  admitted,  even  by  the  adher- 
ents of  this  form  of  clutch,  that  it  ought  to  receive  more  attention 
than  the  leather-faced  cone.  Nevertheless,  this  is  now  a  very  suc- 
cessful type  of  clutch,  largely  used  in  many  high  grade  cars. 

81  In  the  matter  of  the  number  of  plates  in  the  disc  clutch  there 
is  no  agreement  between  designers.  Some  use  a  very  large  number  of 
thin  plates,  as  many  as  50  or  60y  and  others  use  a  very  small  number, 
as  few  as  six  or  eight ;  in  fact,  it  may  be  said  that  the  single  disc  clutch, 
which  has  only  two  frictional  surfaces,  is  the  lower  limit. 

82  In  one  very  ingenious  design  for  the  multiple  disc  clutch, 
made  by  the  Stiulevant  Mill  Company,  of  Boston,  the  pressure  on 
the  discs  is  brought  about  by  centrifugal  force  acting  on  weights  so 
arranged  as  to  press  the  tighter  with  increased  velocity.  This  is 
shown  in  Fig.  35.    One  of  the  weights  is  at  W,    It  will  be  noticed 
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that  this  weight  operates  against  a  spring  A,  which  prevents  its  flying 
out  and  gripping  at  too  low  an  engine  speed.  Once,  however,  this 
spring  pressure  is  overcome,  the  discs  indicated  by  the  alternately 
light  "and  dark  spaces  are  pressed  together. 

83  It  would  seem  that  this  principle  has  one  serious  defect  in 
the  fact  that  at  low  engine  speeds  the  gripping  tendency  would  be 
small.  It  would,  therefore,  not  be  possible  to  develop  high  torque 
at  low  speeds,  which  is  sometimes  quite  desirable.  It  is  a  fact,  how- 
ever, that  it  is  almost  impossible  to  stall  an  engine  by  applying  this 
clutch  too  quickly ;  it  does  its  own  releasing  so  promptly  and  automati- 
cally. 


FiQ.  36    Mimn-Disc  Clutch  .     . 

84  This  principle  has  been  elaborated  in  connection  with  an  auto- 
matic change  of  gears:  gear  No.  1  being  picked  up  at.  a  given  rate  of 
revolutions  by  its  set  of  disc  clutches;  gear  No.  2  by  an  increased 
number  of  revolutions  by  a  separate  set  of  discs,  and  so  on.  In 
driving  a  car  so  equipped  the  changes  take  place  without  being  per- 
ceptible except  with  the  closest  observation. 

86  This  system  is  open  to  the  objection,  however,  of  not  being 
able  to  spin  the  engine  very  rapidly  and  connect  with  the  low  gear, 
in  order  to  jump  the  car  out  of  a  hole  or  some  unusual  situation. 
I  understand  this  has  been  overcome  by  suppl}'ing  an  independently 
operated  lever  for  the  foot,  to  be  used  in  emergencies  only. 
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86  With  the  automatic  Sturtevant  multi-disc  clutch  it  has 
been  found  experimentally  that,  for  the  maximum  slip  speed  usual 
in  automobiles;  15  to  20  lb.  per  square  inch  pressure  is  safe,  and 
that  lubricated  cast  iron  discs  scarcely  wear  out  the  tool  marks  after 
many  thousands  of  miles  use.  The  makers  state  that  experience  has 
shown  that  safe  slip  is  merely  a  matter  of  good  lubrication  and  low 
pressures.  They  have  experimented  with  small  cast-iron  discs, 
running  dry  and  with  constant  slip  at  2  lb.  per  square  inch  pressure, 
and  even  at  that  the  clutch  wore  many  weeks  transmitting  a  heavy 
load 

87  A  modification  of  the  multi-disc  clutch  in  which  the  cone  and 
the  disc  are  combined  is  attracting  much  attention.    This  clutch 


Fio.  37    Vhshaped  Discs 

(Hele-Shaw)  is  fully  described  by  its  inventor  in  the  Transactions  of  the 
Institute  of  Mechanical  Engineers  (Great  Britain),  July  1903.  Fig. 
36  shows  a  set,  or  "  pack"  of  discs  from  such  a  clutch.  The  U-shaped 
separating  rings  which  force  the  discs  apart  when  the  spring  pressure 
is  released  are  plainly  visible.  This  action  overcomes  the  natural 
tendency  of  the  oil  to  cause  the  discs  to  adhere.  Each  disc  has  a 
concentric  V-shaped  ring  struck  up  in  its  surface,  clearly  shown  in  the 
end  disc  in  Fig.  36. 

88  Fig.  37  also  shows  the  V  shape  of  the  discs  very  well  indeed; 
in  fact,  the  whole  clutch  is  well  shown  here  in  section.  Only  the  V 
portions  engage,  the  surfaces  of  the  discs  not  bearing.  When  the 
clutch  is  thrown  out,  the  cone  D  bears  on  the  cone/,  thereby  checking 
the  spinning  tendency  of  this  clutch,  or,  if  the  viscosity  of  the  oil  is 
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heavy,  holding  it  quiet  during  the  changing  of  gears.  This  clutch  is 
copiously  lubricated  and  the  V  or  engaging  portions  of  the  discs  are 
perforated  with  holes  so  that  the  oil  may  circulate  quickly  in  and  out 
of  the  V  grooves  as  they  are  engaged  and  disengaged.  Outside  the  V 
portions  of  these  plates  or  discs  there  is  a  comparatively  large  space 
between  them,  permitting  the  free  cu-culation  of  oil  and  consequent 
rapid  carrying  away  of  heat  if  the  clutch  slips  much. 
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Fia.  38    Power  Chart  for  Hele-Shaw  Clxttch 


89  In  connection  with  the  article  referred  to,  in  the  Transactions 
of  the  Institute  of  Mechanical  Engineers,  are  data  on  power  trans- 
mitted by  various  spring  pressures,  given  in  Fig.  38.  Fig.  89  shows 
the  character  of  the  curve  depending  upon  horse  power  and  pressure 
of  springs. 

90  One-thousand  horse  power  is  being  transmitted  by  one  of 
these  clutches  running  at  700  or  800  r.p.m.  and  measuring  18  in.  in 
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diameter  between  the  V's  in  the  discs.    The  following  table  gives  the 
dimensions  and  number  of  plates  used  for  diflferent  horse  powers: 

Bronze  Steel 

25  h.p.,  27  plates  of  GJ  in 14  outer  13  inner 

40  h.p.,  25  plates  of  8i  in 13  outer  12  inner 

60  h.p.,  21  plates  of  11  in 11  outer  10  inner 

The  space  in  length  required  inside  of  the  clutch  casing  for  25  plates  is  5  in.» 
this  including  the  space  for  the  disengaging  movement  and  the  spring  pressure 
plate. 
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Fig.  39    Chart  of  Sprino  Pressures  and  Horse  Power 


91  The  number  of  plates  in  this  clutch  is  made  to  vary  with 
the  power  transmitted,  the  diameters  remaining  the  same  within  cer- 
tain limits.  The  principle  involved  is  that  the  thickness  of  the  pack 
of  plates  shall  not  exceed  the  diameter  of  the  plate.  When  this 
becomes  necessary  in  order  to  transmit  a  load,  the  plates  are  increased 
in  diameter,  fewer  of  them  being  used.    The  clutch  is  necessarily 
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heavy,  but  this  is  partially  offset  by  the  relatively  small  diameter. 
It  has,  consequently,  little  spinning  tendency. 

92  The  materials  for  disc  clutches  in  general  have  been  various; 
namely,  steel  on  steel,  steel  on  leather-faced  discs,  steel  on  bronze 
and  steel  discs  with  cork  inserts. 

93  I  have  recently  been  informed  of  a  disc  clutch  with  cork 
inserts  of  natural  cork  that  wore  out  twice  in  succession  in  about  1000 
miles.  This  same  clutch  was  equipped  with  compressed  cork  inserts 
previously  described,  which  have  driven  the  car  some  5000  or  6000 
miles  without  perceptible  wear. 


Fig.  40 


Fig.  41 


Hydraulic  Clutch 


94  It  is  a  fact  that  steel  discs  against  steel  have  become  badly 
heated  and  cut  to  such  an  extent  as  to  make  the  clutches  inoperative. 
Steel  against  bronze,  however,  does  not  seem  to  cut  in  this  manner  and 
the  wear  after  two  years'  steady  use  is  only  0.002  in.  or  0.003  in.  at 
the  outside  edge  of  the  discs.  I  have  not  heard  of  the  original  com- 
bination of  Weston,  that  is,  wood  against  iron  or  steel,  being  used  in 
connection  with  automobiles. 

95  A  pneumatic  clutch  has  been  developed  by  the  Northern 
Motor  Car  Company,  but  has  not  been  extensively  used  because  of 
its  cost.  It  has  a  plain  leather-faced  disc  pressing  against  a  metal 
plate,  and  air  from  a  small  pump  deflects  the  leather,  causing  it  to 
bear  against  the  disc.  Hydraulic  clutches  have  also  been  used,  but 
are  not  popular.     Fig.  40  and  41  show  one  of  the  simpler  forms. 

96  The  magnetic  clutch  is  in  use  and  is  fairly  successful.  Such 
clutches  are  operated  on  the  same  principle  as  the  so-called  "  pick-up 
magnet''  found  in  so  many  plants.     One  complication  arises  in  the 
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faet  that  one  of  the  parts  of  the  magnet  has  to  rotate  continuously, 
the  gears  being  always  in  mesh;  consequently  the  exciting  current 
has  to  be  carried  to  it  by  a  brush.  These  clutches  do  not  heat  badly, 
at  least  not  badly  enough  to  cause  any  trouble;  but  they  seize  rather 
savagely  unless  carefully  controlled.  A  considerable  current  is  also 
nec^sary  on  the  car  for  the  operation  of  the  clutch.  These  com- 
plications rather  interfere  with  extended  usage. 


DISCUSSION 

Mr.  C.  R  Gabriel  The  following  figures  show  a  few  of  the  oldest 
and  best  known  clutches  as  applied  to  power  presses,  many  of  which 
are  in  use  today  and  preferred  by  some  users  to  more  recent  designs. 

2  Fig.  1  shows  a  type  of  press  that  has  been  in  use  for  about  sixty 
years,  known  as  the  Fowler  press.  The  featiu-e  of  the  clutch  in  this 
press  is  that  the  driving  pins  are  carried  in  the  hub  of  the  flywheel 
and  operated  by  a  sleeve  on  the  outer  end  of  the  shaft,  the  pins  engag- 
ing an  abutment  on  the  shaft  collar.  This  arrangement  permits  of 
starting  or  stopping  the  shaft  at  any  point  of  the  revolution,  and  is 
ealled  for  by  some  users  at  the  present  time. 

3  Fig.  2  shows  the  original  Stiles  clutch.  This  clutch  has  a  spring 
actuated  bolt  and  retaining  latch  carried  in  the  hub  of  the  fly  wheel, 
the  bolt  latch  being  released  by  the  action  of  the  cam  carried  in  the 
bracket  below  the  shaft  collar,  which  is  connected  to  the  foot  treadle 
rod.  Depressing  the  treadle  allows  the  bolt  to  engage  the  recess 
in  the  shaft  collar;  a  revolution  of  the  shaft  follows,  and  is  automat- 
ically stopped  if  the  foot  has  been  removed  from  the  treadle.  Con- 
tinued pressure  on  the  treadle  results  in  continuous  strokes  of  the 
press.  This  clutch  also  permits  of  the  shaft  being  rotated  by  means 
of  a  crank  applied  to  the  shaft  on  the  connection  end,  without  stop- 
ping the  fly  wheel,  a  very  convenient  feature  in  setting  tools.  Also 
more  than  one  bolt  may  be  carried  by  the  fly  wheel,  which  results  in  a 
marked  saving  of  time  on  work  when  the  press  is  stopped  at  each 
stroke,  as  the  arc  of  I'otation  of  the  wheel  will  be  in  proportion  to  the 
number  of  bolts  used,  and  the  loss  of  time  after  the  treadle  is  depressed 
will  be  diminished  by  the  same  ratio. 

4  Fig.  3  shows  a  safety  latch  applied  to  the  Stiles  clutch,  and 
^lerigned  to  prevent  repeating.  If  an  operator  holds  his  foot  on  the 
^r^adle  for  an  interval  of  time  greater  than  is  consumed  in  one  revolu- 
tion of  the  shaft,  the  press  will  repeat,  and  many  accidents  are  due  to 
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this  cause,  as  the  operator  attempts  to  remove  or  place  the  work  and 
is  caught  before  the  hand  can  be  removed  from  the  dies.  This  arrange- 


FiQ.  1    Fowler  Press 

ment  consists  of  a  type  of  releasing  mechanism.  A  cam  is  secured  to 
the  shaft  collar,  and  as  the  shaft  rotates,  it  engages  the  toe  of  the  hook 
lever,  and  forces  it  into  the  position  indicated  by  the  dotted  lines, 


FiQ.  2    Stiles  Clutch 

thus  releasing  the  clutch  cam  which  is  forced  upward  by  the  spring 
and  disengages  the  bolt,  stopping  the  press  even  though  the  operator 
keeps  the  treadle  depressed. 
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FiQ.  3    Safety  Latch  on  Stiles  Clutch 


Fio    4    Johnson  Clutch 


Digitized  by  VjOOQIC 


74 


CLUTCHES 


5  For  continuous  running,  the  hook  lever  may  be  shifted  to  the 
right  as  indicated  by  the  dotted  lines  at  the  bottom  of  the  bracket; 
this  carries  the  toe  of  the  lever  out  of  the  path  of  the  cam,  allowing 
the  hook  to  remain  engaged,  and  continuous  running  is  obtained  by 
keeping  the  treadle  depressed. 

6  Fig.  4  shows  the  well  known  Johnson  clutch,  in  very  general 
use  today.  It  diflfers  from  the  t3rpes  that  have  been  shown  by  hav- 
ing the  sliding  bolt  in  the  shaft.  This  construction  does  not  permit 
of  the  shaft  being  rotated  independent  of  the  wheel,  as  the  bolt  is  free 


Fio.  5    Buss  Clutch 

to  engage  the  wheel  as  soon  as  it  disengages  the  pull-out  cam,  which 
operates  when  the  slide  is  at  the  up-stroke. 

7  In  setting  tools  it  is  necessary  to  remove  the  belt  from  the  fly 
wheel  and  allow  the  clutch  to  engage  and  rotate  the  shaft  by  turn- 
ing the  wheel  by  hand.  To  save  time  when  the  press  is  to  be  stopped 
at  each  stroke,  two  or  more  notches  may  be  made  in  the  wheel  hub. 

8  Fig.  6  shows  the  well  known  Bliss  clutch,  which  has  the  rolling 
pin  instead  of  the  sliding  bolt.  This  pin  is  made  of  tool  steel  and  en- 
gages a  tool  steel  striking  piece  the  entire  length  of  the  wheel-hub. 
As  the  clutch  pin  is  located  very  close  to  the  axis  of  the  shaft,  the 
velocity  and  violence  of  the  blow  with  which  the  wheel  is  driven 
Eigainst  the  pin  is  reduced  to  a  minimum.  This  assures  the  smooth- 
ness and  durability  that  distinguish  this  type  of  clutch. 

9  It  has  an  advantage  in  that  the  wheel  can  be  backed  up  with- 
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out  rotating  the  shaft,  which  permits  of  bumping  the  shaft  over  the 
center,  as  is  often  necessan-  when  the  dies  become  jammed  or  in  try- 


FiQ.  6    PosrnvB  Mni;nPLE  Jawed  Clutch 


FiQ.  7    Friction  Clutcp  for  Large  Presses 

ing  the  tools.     A  safety  latch  is  applied  to  this  clutch,  arranged  sub- 
stantially like  that  for  the  Stiles  clutch. 

10    Fig.  6  shows  a  type  of  positive  multiple  jawed  clutch  for  stamp- 
ing and  forging  presses  which  run  at  slow  speed.    The  clutch  collar, 
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which  is  on  the  outer  end  of  the  shaft,  is  of  steel,  with  teeth  engag- 
ing the  driving  member,  also  of  steel,  and  secured  to  the  wheel-hub. 

11  The  sliding  member  is  fitted  to  the  shaft,  which  is  slabbed  off 
in  the  manner  shown,  a  construction  superior  to  keys,  which  become 
loose  with  the  great  strain  brought  to  bear  on  them.  The  driven 
clutch  is  held  out  of  engagement  by  means  of  the  sliding  bolt  in  the 
shaft,  operated  in  the  same  manner  as  the  Johnson  clutch.  When 
the  foot  treadle  is  depressed,  the  cam  is  withdrawn,  and  the  spring 
on  the  shaft  end  is  free  to  engage  the  clutch.  The  weighted  lever 
on  the  right  is  employed  to  insure  the  separation  of  the  clutch  teeth, 
as  the  momentum  of  the  shaft  in  slow  running  presses  is  not  suflBicient 
to  carry  the  bolt  on  to  the  cam  far  enough  to  prevent  the  clutch  teeth 
from  clicking  after  the  shaft  is  at  rest. 

12  In  this  arrangement  the  weighted  lever  is  lifted  by  means  of  a 
cam  on  the  shaft,  and  at  the  point  of  disengagement  of  the  clutch  the 
weight  is  allowed  to  fall  with  sufficient  force  to  drive  the  bolt  cam 
forward,  thus  separating  the  teeth  as  desired. 

13  Fig.  7  shows  a  type  of  friction  clutch  used  on  large  back-geared 
presses  and  quite  similar  to  some  clutches  shown  by  the  author. 
The  friction  surfaces  are  wood  against  cast  iron.  The  cast  iron  disk  is 
allowed  to  float  on  the  studs  in  the  pulley,  relieving  any  radial  strains, 
and  the  wooden  friction  rings  are  mounted  on  the  clutch  body,  the 
clamping  ring  being  operated  by  the  double  toggles  connected  to 
the  sliding  sleeve  on  the  shaft.  The  shaft  rims  continuously  with 
the  pinion,  being  at  rest  when  the  press  is  stopped. 

14  The  action  of  this  clutch,  where  it  is  applied  to  stop  automat- 
ically at  the  completion  of  each  stroke  of  the  press,  is  shown  in  Fig.  8. 

15  The  cam  L  placed  on  the  main  shaft  inside  the  gear  automat- 
ically disengages  the  clutch.  It  is  held  in  position  by  a  bolt  passing 
through  the  hub  of  the  gear.  By  this  means  the  cam  can  be  set  for- 
ward or  back  to  insure  the  press  stopping  at  the  proper  point. 

16  The  vertical  rod  /  with  the  weight  H  attached  is  raised  by 
means  of  the  latch  J,  When  the  main  shaft  turns  over,  the  lifter  K 
drops,  allowing  the  latch  J  to  engage  with  the  rod  /.  When  K  rises 
it  takes  the  rod  /  with  it,  thus  throwing  the  clutch  out  of  action. 
The  upper  end  of  the  latch  J  is  hardened  tool  steel  and  a  piece  of 
hardened  tool  steel  is  inserted  in  the  rod  /  for  the  latch  to  lift  against. 

17  In  order  to  start  the  press,  the  treadle  P  is  depressed.  A  link 
M  is  attached  to  the  latch  and  connected  with  the  bell-crank  TV, 
which  in  turn  is  connected  with  the  treadle  P  by  the  rod  0,  the  for- 
ward end  of  the  link  M  being  slotted  to  permit  the  latch  to  fully 
engage  the  lifter  shoe  in  rod  /. 
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18  An  air  dashpot  Q  is  provided  below  the  weight  H  in  order  to 
allow  the  weight  to  drop  easily  without  shock,  and  an  air  cock  is 
provided  in  the  dashpot,  by  means  of  which  the  proper  degree  of 
cushion  may  be  obtained. 


Fio.  8    Application  of  Clutch  with  Means  for  Stopping  Automatically 

19  In  order  to  stop  the  press  promptly  and  hold  the  shaft  securely 
at  the  top  of  the  stroke,  the  brake  arms  S  are  provided.  The  pressure 
on  the  brake  arms  S  can  be  regulated  by  the  set  screws  R  which  can 
he  set  sufficiently  tight^to  stop  the  main  crank  in  the  proper  position. 


Digitized  by  VjOOQIC 


78  CLUTCHES 

Mr.  R.  M.  Gay*  In  his  reference  to  the  Sturtevant  clutch,  Mr. 
Souther  mentions  that  as  the  clutch  depends  for  its  action  upon  cen- 
trifugal force,  one  could  not,  in  the  case  of  an  automobile,  speed  up 
the  engine,  throw  in  the  clutch,  and  jump  the  machine  out  of  a  mud 
hole.  While  this  is  true,  the  clutch  has  a  peculiar  action  when  driven 
by  a  gas  engine,  which  makes  it  effective  at  low  speeds. 

2  At  the  instant  of  explosion  in  a  gas  engine  the  motion  of  the  fly- 
wheel is  greatly  accelerated.  This  causes  the  weights  of  the  clutch 
to  grip  harder  at  that  instant,  giving  the  clutch  excessive  torque. 
When  you  get  in  a  mud  hole  and  the  speed  of  the  engine  drops,  at 
each  explosion  the  flywheel  accelerates,  the  torque  increases  beyond 
the  normal  torque  of  the  engine  for  the  moment,  and  the  clutch 
takes  hold.  After  a  fraction  of  a  second,  if  the  engine  has  not  been 
able  to  pull  out,  the  speed  of  the  flywheel  and  the  torque  will  drop, 
the  clutch  will  let  go  and  the  engine  will  run  freely,  accelerating 
again  under  the  next  explosion.  Thus  the  engine  does  not  stall,  but 
continues  to  pull  all  it  can. 

3  Many  times  I  have  been  able  to  pull  up  grades  with  this  clutch 
when  the  engine  was  nmning  at  comparatively  slow  speed,  where  with 
an  ordinary  clutch  it  could  not  be  done.  The  effect  is  the  same  as 
though  you  threw  in  the  clutch  for  a  fraction  of  a  second  when  the 
engine  was  exerting  its  extreme  force  and  before  you  stopped  the 
engine  pulled  out  the  clutch  and  allowed  the  engine  to  accelerate  again. 
The  centrifugal  clutch  does  this  automatically;  and  the  engine  never 
can  be  stalled. 

Mr.  Fred  Miller*  Clutches  now  in  existence  operate  on  the 
principle  that  one  clutch  cannot  be  thrown  into  engagement  until 
another  is  thrown  out,  and  during  the  interval  between  these  two 
operations  no  power  can  be  transmitted.  We  have  the  best  illustration 
of  this  in  the  transmission  gear  of  an  automobile.  In  order  to  change 
from  one  speed  to  another,  you  must  disengage  a  clutch,  and  thus 
engage  a  clutch  which  will  drive  at  the  new  speed.  Between  these 
operations  is  a  time  interval  during  which  no  power  is  transmitted. 

2  To  overcome  such  intermittent  action  I  have  designed  a  clutch 
which  continues  to  drive  until  the  load  is  taken  away  from  it  by  the 
engagement  of  a  second  clutch.  For  instance,  suppose  one  clutch  to 
be  engaged  and  the  train  of  mechanism  to  operate  at  the  resulting 
speed.    To  increase  that  speed,  simply  throw  in  another  clutch  which 

*Mr.  R.  M.  Gay,  Sturtevant  Mill  Co.,  Boston,  Mass. 

»Mr.  Fred  Miller,  King  Sewing  Machine  Co.,  Buffalo,  N.  Y. 
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will  take  the  load  away  from  the  first  oue  and  drive  the  train  at  a 
higher  speed  without  interruption  to  the  driving  action.  Assuming 
that  the  train  is  now  operating  at  this  higher  speed  and  it  is  desired 
to  go  to  the  lower,  disengage  the  clutch  which  is  driving  at  the  higher 
speed  and  the  train  will  fall  oflF  in  speed  until  it  reaches  that  of  the 
lower  speed  clutch,  when  the  power  will  be  transmitted  by  the  lower 
speed  clutch. 


Fig.  1    Miller  Clutch 

3  The  principle  which  permits  the  higher  speed  clutch  to  take 
the  transmission  away  from  the  lower,  and  vice  versa,  is  that  these 
clutches  grip  only  when  rotation  is  in  one  direction  and  rotation  in  the 
opposite  direction  immediately  relieves  the  grip.  When  we  engage 
a  higher  speed  clutch,  it  is  equivalent  to  rotating  the  lower  speed 
dutch  in  the  opposite  direction,  and  the  load  is  immediately  taken 
away  from  that  clutch  and  assumed  by  the  higher  speed  clutch.  The 
same  principle  holds  true  when  we  disengage  the  higher  speed  clutch. 
Rotating  that  clutch  in  the  opposite  direction,  the  speed  drops  until 
the  speed  at  which  the  lower  clutch  grips  is  reached,  when  the  lower 
clutch  assumes  the  transmission. 

Mr.  E.  J.  McClellan^    The  practice  of  The  Garvin  Machine  Com- 
pany is  to  use  cone  frictions  on  automatic  tapping  niachines,with  an 
'  Mr.  E.  J.  McClellan,  Chief  DrafUman,  Garvin  Machine  Co.,  New  York. 
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angle  of  10  cleg,  to  the  center  line  where  the  clutch  is  thrown  in  by  the 
toggle,  and  6  deg.  where  thrown  in  by  a  comparatively  weak  spring. 
There  is  little  wear  on  the  friction  surfaces  if  the  clutch  is  thrown  in 
sharply.  The  only  wear  comes  on  the  shoulder  that  presses  the  clutch  in. 
On  countershafts  and  friction  head  screw  machines  we  use  expansion 
rings.  In  this  style  of  clutch  centrifugal  eflfect  can  be  neutralized  by 
turning  up  the  clutch  ring  when  in  the  expanded  position  so  that  there 
is  an  initial  contracting  stress  in  the  ring.  By  this  means  we  have  no 
trouble  up  to  some  700  r.p.m.  A  countershaft  clutch  ring  of  9^  in. 
diameter  and  IJ  in.  wide,  expanded  by  a  toggle,  will  resist  a  pull  of  800 
lb.  on  its  rim. 

2  One  peculiarity  of  the  Weston  clutch  is  the  accuracy  with  which 
it  can  be  manipulated.  We  use  a  small  one  to  control  the  reversing 
mechanism  of  a  table  on  a  slot  milling  attachment.  This  little  clutch 
responds  so  accurately  to  the  action  of  the  tripping  dogs,  that  the 
travel  of  thQ  slide  does  not  vary  two-thousandths  of  an  inch  per  stroke. 

Mr.  J.  J.  Bellman*  The  very  complete  paper  by  Mr.  Souther  on 
the  subject  of  clutches  shows  that  he  has  given  the  matter  extended 
study.  The  work  however  which  has  come  directly  under  his  notice 
appears  to  have  been  in  the  form  of  clutches  adapted  for  Ught  high 
speed  power  transmission  as  found  in  automobile  work.  Clutches 
however  are  used  for  many  forms  of  heavy  transmission  work,  for 
which  the  forms  most  fully  described  are  not  suited. 

2  The  clutches  best  known  for  the  heavy  class  of  transmission,  such 
as  the  winding  drums  of  hoisting  engines,  or  the  operating  mechanism 
of  dipper  dredges,  are  usually  of  the  cone,  band  or  umbrella  type.  With 
the  cone  clutch  the  practice  is  to  force  the  parts  together  with  a  consider- 
able pressure  and  take  up  the  resulting  end  thrust  by  means  of  collars 
As  is  well  known  any  end  thrust  is  a  serious  objection,  not  only  in  f  ric- 
tional  losses  but  in  the  means  necessary  to  absorb  it.  With  the  cone 
type,  the  question  of  adjustment  is  a  very  serious  one,  as  is  frequently 
pointed  out  in  Mr.  Souther's  paper.  With  heavy  shafting,  it  is 
impossible  to  adopt  the  self-centering  shaft,  which  he  consider  almost 
essential  for  the  proper  operation  of  the  clutch.  Therefore,  efforts 
have  been  made  to  use  forms  of  band  brakes  which  are  susceptible  of 
easier  adjustment.  Much  mechanical  ingenuity  has  been  applied  to 
the  means  for  applying  the  band  between  the  two  revolving  elements, 
the  most  successful  being  by  means  of  a  steam  cylinder  operating  on  a 
wedge  wtiich  in  turn  operates  on  links  and  applies  the  band  clutch,  or 

» Mr.  J.  J.  Bellman,  149  Broadway,  New  York. 
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a  hydraulic  cylinder  on  the  driver  connected  directly  to  the  band  and 
actuated  by  water  supplied  through  the  center  of  the  shaft.  That 
these  may  rotate  with  shafts,  one  of  the  essentials  for  this  form  of 
appljdng  the  band,  the  means  for  applying  the  mechanism  must  be 
placed  at  the  center  by  boring  the  shaft.  This  boring  necessitates 
increased  weight  for  the  shaft  and  increased  expense  for  the  operating 
mechanism. 

3  A  method  of  applying  the  band  clutch,  so  simple  as  to  be  of 
interest  to  those  dealing  with  the  heavier  kinds  of  clutches  in  particu- 
lar, has  recently  been  devised  by  Mr.  Gilbert  H.  Gilbert.  The  drawing 
shows  the  ordinary  form  of  hoisting  drum  where  the  main  gear  is 


Fig.  1  Fig.  2 

Means  for  Operating  Clutches 

operated  continuously  by  a  constant  speed  engine,  and  the  hoisting 
drum  is  started  and  stopped  at  the  will  of  the  operator;  the  drum  is 
connected  to  the  main  gear  by  means  of  an  ordinary  form  of  band 
brake.  To  tighten  this  brake,  an  auxiliary  cone  friction  is  used,  one 
part  free  to  revolve  on  the  shaft,  and  the  other  attached  to  the  hoist- 
ing drum.  Pressure  applied  to  the  part  attached  to  the  hoisting  drum 
makes  it  engage  with  the  part  free  on  the  shaft,  and  tends  to  retard  its 
revolution.  A  link  is  so  connected  that  by  the  engagement  of  the 
part  attached  to  the  drum  with  the  part  free  on  the  shaft,  the  band 
brake  is  applied  and  the  drum,  auxiliary  clutch  and  gear  revolve 
together. 
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Mr.  B.  D.  Gray  ^  Mr.  Souther  bys  particular  stress  upon  the  neces- 
sity for  copious  lubrication  and  extreme  care  in  the  use  of  the  multi- 
ple disc  clutch.  I  am  not  prepared  to  state  in  a  general  way  that 
lubrication  is  not  essential  to  its  satisfactory  operation,  as  there  may 
be  clutches  of  this  tjrpe,  improperly  designed,  which  require  a  great 
deal  of  attention  in  the  way  of  lubrication.  I  will  state,  however, 
that  the  clutch  with  which  I  am  most  familiar,  and  to  which  I  believe 
Mr.  Souther  refers  in  Par.  75  and  76,  is  not  at  all  sensitive  to  the 
question  of  lubrication,  and  this  is  due  to  three  things:  first,  design; 
second,  quality  of  materials  used;  third,  correct  fitting. 

2  I  do  not  mean  that  the  proper  materials  are  very  expensive 
or  difficult  to  procure,  but  quite  the  reverse.  The  steel,  for  example, 
is  commercial  stock  and  can  be  obtained  from  any  plate  mill  manu- 
facturing crucible  sheet.  The  bronze,  while  of  a  special  composition,  is 
also  manufactured  commercially.  With  proper  tool  equipment  there 
is  no  difficulty  about  the  fitting  up  in  assembling,  and  beginning  with 
correct  design  it  becomes  simply  a  commercial  proposition.  Oils  of 
different  viscosities  for  var)ning  temperatures  are  not  necessary,  nor 
is  it  necessary  to'watch  carefully  the  amount  of  lubrication,  though 
care  exercised  in  this  direction  naturally  tends  to  lengthen  the  life 
of  the  discs.  It  is  quite  the  usual  thing  for  this  type  of  clutch  to 
run  25  000  to  30  000  miles  with  a  reasonable  amount  of  attention 
without  renewals,  and  I  doubt  very  much  if  even  the  most  approved 
type  of  cone  clutch  will  do  better. 

3  The  extreme  smoothness  of  operation  of  this  particular  clutch, 
together  with  its  low  inertia,  makes  it  most  desirable  for  use  in  con- 
junction with  clash  gears.  The  following  data  may  be  interesting  as 
supplementary  to  Mr.  Souther's  short  description  of  this  type  of  clutch: 

Inside  diameter,  6.42  in.  [163  mm.] 

Outside  diameter,  7.32  in.  [186  mm.] 

Area,  9.77  sq.  in. 

Thickness  of  bronze  disc,  0.058  in. 

Thickness  of  steel  disc,  0.042  in. 

Spring  pressure  22  and  40  h.p.  cars,  250.0  lb. 

Spring  pressure  60  h.p.  cars,  300.0  lb. 

Pressure  per  sq.  in.  22  and  40  h.p.  cars,  25.6  lb. 

Pressure  per  sq.  in.  60  h.p.  cars,  28.6  lb. 

Number  of  discs. 

22  h.p.,  12  steel  13  bronze. 

40  h.p.,  24  steel  25  bronze. 

60  h.p.,  24  steel  25  bronze. 

*B.  D.  Gray,  Ch.  Engr.,  Auto.  Dept.,  American  Locomotive  Co.,  Providence, 
R.  I. 
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Total  area. 

22  h.p.,  233.5  sq.  in. 

40  h.p.,  467.0  sq.  in. 

60  h.p.,  467.0  sq.  in. 
Torque  at  mean  radius  of  clutch  at  1000  r.p.m. 

22  h.p.,  403  lb. 

40.h.p.,  734  lb. 

60  h.p.,  1101  lb. 
Coefficient  of  friction  necessary  to  transmit  rated  power  at  1000  r.p.m. 

22  h.p.,  0.067. 

40  h.p.,  0.061. 

60  h.p.,  0.082 

4  I  have  recently  had  the  opportunity  to  try  a  cone  clutch,  which 
was  very  much  the  smoothest  in  operation  of  any  I  have  seen. 
The  clutch  itself  was  of  the  ordinary  type  with  about  the  usual  amount 
of  bemng  surface,  and  with  an  angle  of  15  deg.  Its  extreme  softness 
of  action  apparently  results  from  the  arrangement  of  springs,  of  which 
there  are  two,  one  comparatively  soft,  and  the  other  very  much  stiflFer. 
In  engagement  the  soft  spring  comes  into  play  first,  and  is  followed 
by  the  stiffer  spring  after  the  inertia  of  the  car  has  been  partially 
overcome.  The  mileage  given  by  this  clutch  is  remarkable,  and  I 
am  informed  that  it  has  been  tested  under  most  severe  conditions  and 
without  attention.  It  is  possible  that  the  ultimate  success  of  the 
cone  clutch  may  depend  upon  some  such  principle  as  this. 

Mr.  Frank  Mossberg^  Clutches  for  power  presses  must  be  so  con- 
structed as  to  disengage  from  the  driving  wheel  and  allow  the  driven 
shaft  to  stop  in  the  same  fixed  position  whenever  disengagements 
are  made.  For  quick  running  presses  the  clutch  parts  must  be  light 
enough  to  respond  promptly  when  the  trip  lever  is  actuated,  other- 
wise their  inertia  will  so  retard  the  action  that  the  clutch  will  not 
properly  engage  with  the  driving  wheel. 

2  Perhaps  the  oldest  clutch  used  for  power  presses  is  the  simple 
jaw  clutch.  While  this  may  have  proved  useful  for  comparatively 
slow  power  presses  and  for  light  work,  it  has  been  largely  superseded 
by  more  improved  types. 

3  The  principal  objection  to  this  clutch  is  its  heavy  parts,  which 
make  it  slow  to  respond,  and  sometimes  when  the  speed  is  up  to  100 
revolutions,  diflSculty  is  found  in  making  the  clutch  jaws  enter  the 
driving  recesses  in  the  wheel. 

*  Descriptions  of  two  clutches  originally  given  in  this  discussion  duplicated 
other  discussion  upon  Mr.  Souther's  paper  and  are  therefore  omitted. — EnrroB 
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4  Fig.  1  shows  a  form  of  clutch  used  largely  by  several  Connect! 
cut  press  manufacturers.  This  consists  of  a  sliding  key  B  fitted  to 
move  freely  in  a  slot  or  pocket  in  the  crank  shaft,  and  controlled  by 
a  wedge  shaped  cam  A  connected  to  a  treadle  or  hand  lever.  To 
lock  the  clutch  to  the  driving  wheel  the  cam  is  released  and  the 
spring  forces  the  key  into  engagement.  Simplicity  and  low  manufac- 
turing cost  are  points  in  favor  of  this  clutch,  but  it  requires  in  practice 
considerable  repairs. 

5  Fig.  2  shows  a  form  of  clutch  used  on  presses  made  by  the 
Stiles  A  Fladd  Press  Company.  The  clutch  pin  Sin  this  construction 
is  placed  in  a  pocket  in  the  driving  shaft  in  which  it  moves  radially. 


.    FiQ.  1    Sliding  Key  Clutch 

A  spring  forces  this  pin  outward  to  engage  with  a  lug  in  the  driving 
wheel  when  the  release  lever  is  actuated.  This  actuating  mechanism 
will  also  cause  the  clutch  pin  to  recede  into  the  pocket  in  which  it  is 
held  by  the  releasing  cam  out  of  contact  with  the  driving  wheel. 
This  clutch,  having  two  or  more  contact  points  in  the  driving  wheels, 
is  a  very  satisfactory  working  mechanism  and  has  proved  very 
durable. 

6  Fig.  3  shows  a  form  of  clutch  used  by  the  Ferracute  Machine 
Co.,  and  I  think  designed  by  Oberlin  Smith.  This  clutch  is  used  to 
a  large  extent  on  punching  presses.  It  is  rather  complicated,  espec- 
ially in  the  form  applied  to  larger  presses.  A  desirable  feature  is  that 
it  is  usually  made  with  several  contact  points  in  the  driving  wheel 
which  are  of  tempered  tool  steel.     These  contact  points  are  so  con- 
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structed  that  when  the  clutch  is  engaged  the  wheel  is  locked  in  both 
directions.     The  illustration  shows  the  working  of  this  clutch. 

7  Fig.  4  shows  a  form  of  clutch  designed  by  the  author  and 
intended  especially  for  large  presses.  It  has  two  large  engaging 
pins  of  tempered  tool  steel,  which  act  together.  These  are  located 
radially  opposite  each  other  and  far  enough  from  the  center  for  good 
leverage.  This  clutch  can  be  made  to  connect  at  each  half  revolu- 
tion of  the  driving  wheel.  It  is  one  of  the  strongest  made  and  has 
proved  serviceable  in  practice,  requiring  very  few  repairs. 

8  The  clutch  pins  G  connected  with  sliding  collar  C  are  mounted 
to  move  freely,  and  revolve  with  the  driving  wheel  at  all  times. 


FiQ.  2    Stiles  and  Fladd  Clutch 

To  operate  the  clutch,  the  locking  pin  E  is  pulled  out  off  the  cam  D, 
allowing  the  collar  C  and  pins  G  to  move  into  engagement  with  the 
clutch  lugs  .ff,  which  lock  the  driving  wheel  and  the  shaft  together. 
When  the  shaft  returns  to  its  original  position  the  clutch  pins  are 
withdrawn  by  the  action  of  the  cam  D, 

9  In  the  foregoing  I  have  covered  briefly  the  construction  of 
power  press  clutches  in  general  use.  There  are  many  modifications 
of  these,  but  all  of  a  class  which  makes  a  locking  contact  with  the 
driving  wheel  and  shaft  at  a  fixed  point  or  abutment  in  the  wheel. 

10  A  total  departure  from  all  those  previously  described  is  a  clutch 
invented  by  James  A.  Horton,  of  Boston,  some  years  ago.     Fig.  5 
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Fig.  3  Ferracutb  Clutch 


Fiw,  4  MossBBRO  Clutch 
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shows  this  clutch,  which  consists  mainly  of  a  hardened  steel  cam  A 
keyed  to  the  crank  shaft;  a  clutch  ring  C  mounj^ed  to  turn  slijghtly  on 
the  shaft;  a  series  of  rollers  B  held  loosely  in  slots  h.  said  ring;  and  a 
spring  G  acting  on  the  clutch  ring  and  causing  the  same  to  turn, 
carrying  with  it  the  rollers  B  toward  the  high  point  of  the  clutch 
cam  A. 

11  The  balance  wheel  is  recessed  to  receive  this  clutch  mechanism, 
said  recess  being  Uned  with  a  hardened  tool  steel  ring  D.  The  diame- 
ter of  this  recess  is  such  that  when  the  rollers  B  reach  a  point  about 
half  way  between  the  lowest  and  highest  point  of  the  cam  they  come 
m  contact  with  the  clutch  ring  D,  and  act  as  wedges  to  lock  the 


FiQ.  6    HoRTON  Clutch 

clutch.  Release  of  the  clutch  takes  place  when  the  lug  F  fastened  to 
the  clutch  ring  strikes  against  the  stop  lever  E.  This  will  throw 
the  clutch  rollers  out  of  engagement  and  allow  the  wheel  to  pass 
freely. 

12  This  I  term  a  positive  friction  clutch:  positive  because 
it  grips  the  load  instantaneously  when  the  clutch  is  actuated  and 
carries  it  without  any  slip;  friction,  because  the  contact  between  the 
driving  wheel  and  clutch  rollers  is  simply  a  smooth  concentric  surface. 
As  will  be  seen,  in  this  clutch  there  are  a  number  of  locking  points 
which  act  together  and  consequently  the  load  is  distributed.    The 
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dutch  is  instantaneous  in  its  action  and  can  readily  be  disengaged 
at  any  predetermined,  position  on  the  shaft. 

13  A  desirable  feature  peculiar  to  this  clutch  is  that  it  can  be 
released  with  ease  under  full  load.  In  other  words,  with  this  clutch 
it  is  possible  to  cause  the  slide  of  the  press  to  descend  on  the  work, 
as  in  embossing.  Release  the  clutch  when  the  embossing  dies  act 
on  the  work,  and  then  when  the  desired  time  has  elapsed  for  the 
embossing  tools  to  act  the  clutch  is  again  engaged,  and  the  press  slide 
caused  to  return  to  its  normal  or  up  position. 


Fig.  6    Horton  Clutch  Applied  to  Power  Press 

14  This  clutch  has  been  extensively  used  for  power  presseb  by 
the  Standard  Machinery  Company  of  Providence,  R.  I.,  and  is  one 
of  the  most  durable  forms  yet  produced  for  this  purpose.  It  is 
suitable  for  the  lightest  as  well  as  the  heaviest  press  made  and  works 
well  for  speeds  from  the  slowest  to  500  r.p.m.  Expense  of  manu- 
facture probably  has  alone  hindered  its  more  general  adoption. 

15  The  instantaneous  action  of  this  clutch  when  the  trip  lever 
is  actuated  enables  the  operator  to  run  a  press  fitted  with  it  faster 
and  keep  more  perfect  time  than  with  any  other,  as  is  shown  by  the 
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following  explanation  of  the  working  of  the  ordinary  clutch  previously 
described. 

16  In  the  ordinary  clutch  the  operator  presses  the  treadle  which 
actuates  the  fixed  locking  or  catching  key.  The  balance  wheel  is 
revolving  around  the  shaft  and  may  be  just  past  the  locking  point, 
requiring  almost  an  entire  revolution  to  return  to  the  fixed  point  in 
the  wheel,  while  at  another  time  the  fixed  point  in  the  wheel  is  in 
such  a  position  as  to  engage  the  locking  point  instantly;  thus  we 
have  a  stroke  of  the  press  taking  practically  two  revolutions  of  the 
wheel  in  one  case  and  only  one  in  the  next,  this  variation  making 
it  impossible  to  perform  operations  in  unison  of  time. 

17  By  reason  of  its  instantaneous  action,  and  the  possibility  of 
release  at  any  point  even  imder  load,  the  Horton  clutch  is  adapted 
for  other  purposes  than  power  presses,  as  for  automatic  drop  hammers, 
and  is  the  only  clutch  that  has  come  under  the  writer's  observation 
that  could  possibly  be  used  for  the  requirements  of  this  machine. 

18  The  clutch  is  located  in  the  hub  of  the  driving  gear  and  is  used 
to  engage  the  crank  shaft  with  this  gear.  To  operate  the  drop  the 
hand  lever  is  tripped,  causing  the  hammer  to  drop  and  perform  the 
work  required,  and  immediately  upon  the  rebound  of  the  hammer 
the  clutch  picks  up  the  load  without  any  loss  of  time  and  carries  the 
hammer  to  the  top  position,  when  the  clutch  is  disengaged  and  left 
ready  for  the  next  operation.  These  clutches  are  made  in  various 
sixes  to  transmit  from  i  h.p.  up  to  1000  h.p. 

19  Fig.  6  shows  the  Horton  clutch  appUed  to  a  punching 
press.  It  also  shows  the  tripping  levers  and  automatic  safety  device 
which  guard  against  the  press  making  more  than  one  stroke  at  a 
time,  excepting  by  tripping  the  starting  lever  for  each  stroke.  To 
make  the  press  nm  continuously  the  clamp  d  is  raised  to  the  top  of 
the  vertical  rod  shown  and  fastened  with  a  thumb  screw  c.  The 
operation  and  function  of  the  mechanism  are  so  plain  that  detailed 
explanation  is  unnecessary. 

20  The  safety  device  described  is  only  one  of  many  for  use  in 
connection  with  a  press  and  a  press  clutch  and  by  no  means  confined 
to  the  Horton  clutch.  The  high  speed  at  which  small  hand-operated 
presses  are  nm  makes  such  a  device  very  desirable  for  the  protection 
of  the  operator's  hands  and  fingers.  Without  it  a  press  will  frequently 
make  a  second  stroke  unexpectedly,  when  the  operator  is  putting  in 
or  removing  from  the  dies  the  piece  which  has  been  operated  upon, 
and  this  is  the  time  when  accidents  usually  happen.  Small  presses 
nm  at  a  high  speed,  and  if  fed  by  hand,  especially,  should  be  provided 
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with  clutches  that  will  not  start  the  press  until  the  operating  lever 
is  tripped. 

21  Press  clutches  must  endure  exceptional  strain  and  abuse. 
Often  a  press  with  its  heavy  fly  wheel  will  be  brought  up  standing  by 
the  operator's  placing  the  work  in  the  die  in  such  a  way  that  the 
press  cannot  make  the  full  stroke.  With  a  fly  wheel  weighing  seven 
or  eight  hundred  pounds  and  30  to  40  in.  in  diameter  the  strain  on 
the  clutch  is  enormous;  but  a  clutch  that  will  not  stand  this  abuse 
occasionally  without  breaking  is  not  considered  desirable  or  practic- 
able. Several  of  the  clutches  described  are  capable  of  meeting  these 
conditions. 

Elmer  H.  Neff  As  some  friction  pulleys  as  applied  to  machine 
tools  may  be  of  interest  in  this  general  discussion,  I  desire  to  present 
four  styles,  made  and  used  for  some  years  by  the  Brown  &  Sharpe 
Manufacttuing  Company.  Two  of  these  pulleys  are  for  counter- 
shafts and  are  self-oiling.  The  other  two  are  used  on  spindles  of  screw 
machines.  I  think  these  may  be  of  assistance  to  designers  in  general, 
as  showing  the  proper  relation  between  the  friction  siu'faces  and  the 
belt  surfaces  to  insure  a  suitable  balance  between  driving  capacity, 
speed  and  durability.  The  friction  surfaces  of  all  these  pulleys  are 
metal  to  metal. 

2  The  friction  pulley  shown  in  Fig.  1  will  be  readily  imderstood 
from  the  cut.  These  pulleys  are  referred  to  in  Table  1  as  old  design, 
and  are  for  counter-shafts  of  milling  machines,  and  other  machines 
where  the  speeds  are  moderate,  and  the  necessity  of  reversal  or 
stoppage  is  comparatively  infrequent.  There  is  a  cast  iron  pulley  A 
against  the  inner  surfaces  of  which  are  brought  two  friction  segments  BB 
through  the  action  of  the  levers  CC  and  thimble  D.  When  the 
thimble  D  is  slid  under  the  ends  of  the  levers  CC  these  segments  are 
pushed  apart  radially  until  they  engage  the  pulley.  The  limiting 
speeds  which  are  recommended  are  given  in  Table  1,  and  are  approxi- 
mately 900  ft.  per  minute  at  the  friction  surfaces.  Higher  speeds 
would  make  it  diflScult  for  these  pulleys  to  release  on  account  of  the 
action  of  centrifugal  force  on  the  segments  BB.  Long  experience 
has  shown  that  these  speeds  are  about  correct  for  satisfactory  con- 
tinuous service. 

3  The  friction  pulley  shown  in  Fig.  2  is  the  newest  design  for 
coimter-shaft  purposes  and  is  used  for  screw  machines,  and  in  other 
places  requiring  high  speed  with  frequent  starts  and  stops  or  rever- 
sals.    It  consists  of  a  belt  pulley  with  conical  friction,  having  the 
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friction  surfaces  at  an  angle  of  15  deg.  At  the  limiting  speeds  given 
in  Table  2,  the  speed  at  the  medium  diameter  is  approximately  1200 
ft  per  minute.  The  operation  of  this  pulley  is,  that  by  sliding  the 
thimble  D  under  the  rolls  in  the  two  levers  CC  which  are  pivoted  on 
the  friction  body  B  by  pins  LL,  pressure  is  exerted  at  the  heel  against 


FiQ.  1    Friction  Pulley,  Old  Design 


FiQ.  2    Friction  Pulley,  New  Design 

the  collar  Af ,  drawing  the  friction  cone  A  into  the  pulley.  A  flat 
spring  between  the  hub  of  the  pulley  at  X  and  the  friction  A  serves 
to  separate  them  when  the  levers  are  released.  There  is  a  chamber 
for  oil,  and  a  ring  oiler  with  passages  as  shown,  so  that  the  oil  circu- 
lates between  the  bearing  surfaces,  and  back  to  the  chamber  again. 
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The  friction  cone  A  is  fastened  to  the  shaft  by  set  screws  and  also 
by  a  Woodruff  key.  Further  details  regarding  this  pulley  are  given 
in  Table  2. 

TABLE  1    OLD  DESIGN  FRICTION  PULLEYS 
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TABLE  2    NEW  DESIGN  FRICTION  PULLEYS 


1 

H.    P.    PER 

100   REV.            i 

Largest 

Width  of 

Diameter  i 

Belt 

Highest 

1 

diameter 

fricUon 

In.         1 

1 

in. 

speeds 

ffingle  belt 

Double  belt 

1 

of  fricUon 
in. 

surface 
in. 

8         1 

2* 

600 

0.72 

1.03         1 

71 

ItV 

10 

3 

600 

1.10 

1.56         1 

91 

lA 

12 

3i 

450 

1.52 

2.18         1 

111 

li. 

14 

4 

350 

2.00 

2.90 

131 

Itt 

16         i 

4J 

325 

2.62 

3.70         I 

I 

15i 

11 

4  In  Fig.  3  is  illustrated  a  fiiction  clutch  for  use  on  comparatively 
slow  speed  screw  machine  spindles  or  similar  work.  This  consists 
of  friction  surfaces  on  the  inside  of  the  gear  or  pulley  to  be  clutched 
as  shown  in  the  figure  at  C  Inside  this  is  the  ring  D  with  a  portion 
cut  out  at  point  B.  By  the  operation  of  a  system  of  levers  slider 
F  is  thrown  in  the  direction  desired.  This  slider  bears  on  the  levers 
GG  at  X,  which  rotates  the  shafts  UE^  on  the  ends  of  which  are  the 
cams  KK,  The  rotation  of  these  cams  referred  to,  which  are  in  the 
space  cut  out  on  one  side  of  the  friction  rings,  expands  the  ring 
into  the  friction  pulley. 

6  The  system  of  friction  pulleys  for  the  spindles  of  automatic 
screw  machines  is  illustrated  in  Fig.  4,  Table  3  giving  the  data 
regarding  speed  and  size  of  these  pulleys  for  these  machines. 
The  pulleys  are  cast  iron  and  the  friction  bodies  B  of  bronze.  The 
friction  surfaces  are  at  an  angle   of  12  deg.  and  metal  to  metal. 

6  The  operation  of  this  clutch  is,  that  by  means  of  a  system  of 
levers  the  ring  sleeve  Z),  in  which  are  two  tool  steel  shoes  H^  is  moved 
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SECTION  AT  A.  B. 
OF  THE  CLUTCH  MECHANISM 

FiQ.  3    Section  of  the  Clutch  Mechanism 


Fig.  4    Section  through  Spindle  of  Automatic  Screw  Machine 
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either  to  the  right  or  left  over  the  ends  of  the  dogs  CC,  which  are 
pivoted  on  the  pins  EE.  The  heels  of  the  dogs  CC  work  in  slots  in 
the  sleeve  K  on  the  spindle  L.  When  the  sleeve  D  moves  over  the 
dog  Cf  its  action  is  to  rotate  it  on  the  pin  E,  but  as  the  heel  of  the 
dog  C  is  against  sleeve  Kj  and  that  is  immovable  endwise,  being 
rigidly  attached  to  the  spindle,  the  whole  friction  body  B  is  com- 
pelled to  move  endwise  and  is  thus  brought  into  engagement  with 
the  pulley  A.  The  design  of  the  mechanism  is  such  that,  by  means  of 
cams,  this  friction  is  thrown  into  engagement  with  the  pulleys  instan- 
taneously. One  friction  pulley  is  n^nning  in  one  direction  and  the 
other  in  the -opposite  direction.  In  performing  a  threading  opera- 
tion, as  the  die  approaches  the  end  of  its  cut,  the  lever  is  tripped, 
the  sleeve  D  is  thrown  in  the  proper  direction,  engaging  the  opposite 
clutch,  and  the  spindle  is  therefore  instantly  reversed. 


TABLE  3     AUTOMATIC  SCREW  MACHINE  FRICTION  PULLEYS 


Automatic  screw 
machines 

Largest  diameter 

Belt 

Width  of  friction 
surfaces 

MaTimum  speeds 

No.  00 
No.  0 
No.  2 

3! 
61 

li 

2 

2* 

2400 
1800 
1200 

7  In  the  smallest  size  machine,  the  No.  00,  with  a  mai^mum 
speed  of  2400  r.p.m.  we  have  a  meafa  speed  of  about  2200  ft.  per 
minute.  As  the  pulleys  are  running  in  opposite  directions,  in  order 
to  accomplish  the  reverse,  the  friction  body  B  must  be  thrown  out  of 
engagement  with  the  pulley  at  the  left,  which  is  running  at  a  speed  of 
2200  ft.  per  minute,  into  engagement  with  the  pulley  at  the  right, 
which  is  running  in  the  opposite  direction  at  a  speed  of  2200  ft.  per 
minute,  making  the  relative  speed  about  4400  ft.  per  minute  at  the 
maximum.  These  machines  have  run  at  these  speeds  for  years 
without  the  necessity  of  replacement,  showing  that  the  friction  takes 
hold  of  the  pulley  with  practically  no  slip,  otherwise  there  would  be 
wear.  It  is  possible  to  thread  with  these  up  to  a  shoulder,  using  a 
solid  die  holder  with  no  side  play  whatever,  and  they  reverse  without 
damage  to  the  thread  being  cut,  the  die  holder,  or  the  machine. 

Mr.  Charles  D.  Rice  Fig.  1  shows  a  friction  clutch  that  I  have 
come  to  regard  as  the  most  reliable  of  any  with  which  I  have  had  to  do. 
The  frictional  part  consists  of  hard  wood  set  on  end  in  receiving 
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pockets,  the  exposed  ends  being  forced  against  a  smooth  metallic 
surface  of  conical  form.  The  ends  of  the  actuating  fingers  are  supplied 
with  rolls,  affording  great  releasing  force  with  slight  effort  by  the 
lessening  of  friction.  The  fingers  are  counterbalanced  so  they  will 
not  hold  the  clutch  from  disengagement  at  very  high  speeds,  when 
appUed  in  reverse  form  to  what  is  common  in  automobile  practice. 
2  The  adjustinjg  ring  or  nut,  against  which  the  wedge  fingers  bear, 
affords  a  universal  adjustment,  instead  of  an  unequalized  adjustment 
common  to  some  clutches  in  which  there  are  three  or  more  members 
to  adjust.  The  adjusting  ring  is  split  and  clamped  to  the  threaded 
sleeve  which  holds  it  by  means  of  a  screw. 


Fig.  1    Clutch  with  Wooden  Friction  Blocks 

3  The  wooden  plugs  or  settings  are  from  well-seasoned  hard  wood, 
preferably  maple,  boiled  in  oil;  they  are  wedged  in  their  respective  posi- 
tions by  means  of  a  roxmd  tapered  pin  which  can  be  easily  removed. 
Practice  has  proved  that  such  a  clutch  will  drive  well  when  the  fric- 
tional  surfaces  are  liberally  exposed  to  oil,  enabling  the  clutch  to 
start  a  load  effectively  and  without  undue  violence  while  gripping. 

4  Some  years  ago  I  had  occasion  to  apply  a  friction  clutch  to  a 
large  press.  The  diameter  of  this  clutch  at  the  gripping  point  was  6 
ft.  The  wood  settings  were  substantially  of  the  character  described, 
and  the  duty  of  the  mechanism  was  suflScient  to  require  an  8-ton 
fly-wheel  running  at  100  r.p.m.    The  clutch  was  actuated  several 
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hundred  times  each  day  and  furthermore  had  to  make  an  eflFective 
engagement  to  meet  with  the  full  resistance  of  the  work  within  a  rota- 
ting movement  of  60  deg.  The  gripping  surfaces  were  constantly 
exposed  to  a  drainage  of  oil  leading  from  the  fly-wheel  hub.  It  was 
hydraulically  actuated,  and  operated  very  satisfactorily  for  a  term  of 
years  without  need  for  repair. 

Mr.  Charles  Wallace  Hunt  A  long  experience  in  the  building 
of  several  varieties  of  friction  clutches  prompts  me  to  add  to  Mr. 
Souther's  paper  some  data  relating  to  the  coefficient  of  friction  of  the 
sliding  surfaces  of  friction  clutches,  and  also  to  discuss  some  paragraphs 
in  order  that  designers  may  not  be  misled  by  hasty  inferences  drawn 
from  the  stateDfients  therein  contained. 

2  A  friction  clutch  of  the  t3^e  under  discussion  is  used  to  connect 
shafts  in  motioh,  in  order  that  the  shock  caused  by  using  inelastic 
jaw  clutches  may  be  avoided.  When  the  two  parts  of  a  clutch  are 
engaged,  the  friction  surfaces  slip,  and  in  consequence  are  heated  in 
proportion  to  the  mechanical  work  expended  in  the  slipping  of  the 
friction  surfaces.  When  shafts  are  connected  once  or  twice  a  day, 
for  example  a  line  shaft  in  a  factory,  the  heating  effect  is  soon  dissi- 
pated. When  clutches  are  frequently  used,  as  in  the  case  of  counter- 
shafts of  lathes,  the  heating  effect  maybe  evident,  but  the  rise  in  tem- 
perature is  so  slight  that  the  heat  is  dissipated  before  the  next  engage- 
ment of  the  clutch.  When  the  friction  clutch  is  used  in  such  work  as 
hoisting  coal,  where  loads  of  from  one  to  several  tons  must  be  hoisted 
two  or  three  times  a  minute  for  hours  in  succession,  the  dissipation  of 
the  heat  is  the  governing  factor  in  the  design. 

3  It  is  necessary  for  the  designer  to  know  in  advance  whether 
the  revolving  shafts  are  to  be  disengaged  while  the  power  is  still  being 
applied  to  the  driving  shaft,  or  at  a  time  when  no  power  is  being  applied 
to  the  driving  shaft.  This  condition  is  an  important  factor  with  any 
type  of  clutch,  but  especially  is  it  so  with  the  cone  type.  It  is  the 
governing  one  in  deciding  upon  the  mechanism  for  operating  the  mov- 
ing parts,  and  it  also  limits  the  cone  angles  of  the  friction  surfaces. 
It  is  the  question  which  must  first  be  decided,  and  its  neglect  has  been 
the  cause  of  serious  disappointment  in  many  cases. 

4  The  centrifugal  force,  which  in  a  rapidly  revolving  clutch  tends 
to  throw  the  lubricant  from  between  the  friction  surfaces,  is  also  of 
great  importance  in  some  designs. 

5  There  are  but  few  materials  now  used  for  making  the  friction 
surfaces.    These  are  leather,  wood,  cork  and  metal.     While  other 


Digitized  by  VjOOQIC 


CLUTCHES  97 

materials  have  been  used,  they  vary  but  little  in  t3rpe  from  some  one 
of  these  materials  and  can  be  safely  classified  with  one  or  the  other  of 
them 

6  For  the  design  of  commercial  machinery,  if  the  designer  uses 
a  coeflScient  of  friction  on  iron,  of  0.35  for  cork,  0.3  for  leather,  and 
0.2  for  wood,  he  will  not  be  disappointed  in  the  result.  These  figures 
are  derived  from  a  long  and  varied  experience,  and  are  to  be  used  for 
clutches  where  the  sliding  surfaces  are  kept  slightly  oiled,  a  condition 
easily  maintained  in  ordinary  service. 

7  When  these  friction  clutches  are  liable  to  be  flooded  with  oil, 
thp  clutches  will  work  well  if  there  is  adequate  provision  for  disposing 
of  the  surplus  oil.  The  following  example  illustrates  one  method. 
A  clutch  similar  in  type  to  that  shown  in  Fig.  13  and  14,  but  with 
metal  to  metal  friction  surfaces,  and  a  different  mechanism  for 
expanding  the  inner  ring,  has  long  been  used.  They  have  been  in 
use  without  change  of  proportions  for  about  15  years,^being  thrown 
in  and  out  of  engagement  from  four  to  five  hundred  times  per  day. 
The  sliding  surfaces  were  about  14  in.  in  diameter,  with  a  working 
face  of  2i  in.  With  a  stress  on  the  friction  surfaces  of  from  1000  to 
2000  lb.  the  clutch  was  adjusted  to  slip  from  ^  to  li  in.  when  thrown 
into  engagement.  The  expanding  mechanism  was  correctly  adjusted 
to  secure  this  result  under  the  ordinary  conditions  of  service,  but 
when  flooded  with  oil,  as  it  was  liable  to  be,  the  parts  would  slip 
iround  and  make  one-half  to  a  whole  revolution  before  the  surfaces 
would  engage.  A  groove  was  then  cut  across  the  friction  surfaces 
longitudinal  with  the  shaft,  J  in.  wide  and  ^  in.  deep.  This  cross 
groove  let  the  surplus  lubricant  out,  and  shortened  the  slip  of  the 
dutch.  Additional  grooves  were  cut  across,  until  the  slipping, 
when  flooded,  did  not  exceed  the  1^  in.  which  had  been  fixed  as  the 
limit  of  movement.  The  distance  apart  of  the  grooves  to  accomplish 
this  purpose  proved  to  be  a  little  over  one  inch,  or  a  little  less  than 
Ae  distance  it  was  desired  that  the  surfaces  should  slip. 

8  Cone  clutches  have  long  been  built  in  quantities  for  hoisting 
coal,  pile  driving  and  similar  classes  of  work.  Those  built  by 
leading  companies  in  New  York  and  Newark  usually  have  the 
cone  surfaces  at  an  Jangle  of  from  20  to  22  deg.  between  the 
axis  and  the  conical  surface.  These  clutches  require  a  pressure 
on  them  constantly  while  at  work,  but  free  themselves  promptly 
either  standing  or  running.  The  cone  frictions  built  by  another 
company  have  an  angle  of  from  18  to  20  deg.,  but  are  always 
accompanied  by  an  operating  device  with  which  to  pull  the  friction 
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out  as  well  as  to  press  it  in.  The  axial  motion  of  a  cone  clutch  of  20 
deg.  36  in.  in  diameter,  in  regular  service  is  from  ^V  ^  A  i^-  The 
loads  hoisted  by  this  clutch  gave  about  6000  lb.  pull  on  the  friction 
surfaces,  which  were  leather  and  cast  iron.  They  are  engaged  and 
disengaged  four  or  five  hundred  times  per  day.  The  friction  leather 
lasts  for  several  years. 

9  Contrary  to  the  statement  in  Par.  42,  the  engagement  of  a 
cone  clutch  is  not  a  difficult  problem,  as  large  numbers  of  these  are  in 
daily  service,  operating  without  the  slightest  difficulty.  The  method 
of  moving  shown  in  Fig.  17  is  admirable,  and  there  are  many  other 
devices,  the  essential  features  of  which  are,  absence  of  lost  motion, 
and  great  rigidity  in  the  operating  mechanism. 

10  Cone  clutches  used  on  automobiles  have  usually  been  designed 
with  a  small  angle,  that  is  from  7  to  13  deg.,  and  with  leather  friction 
surfaces.  These  small  angle  clutches  will  not  disengage  when  stand- 
ing still,  or  when  the  power  is  not  driving  the  machine. 

11  The  mechanism  in  current  use  on  automobiles  for  withdrawing 
these  clutches  almost  invariably  has  considerable  spring,  and  some- 
times slack  motion  in  the  joints  in  addition.  This  construction  makes 
the  cone  clutch  irregular  in  its  action,  and  accounts  for  the  complaints 
of  the  "fierce"  action  both  in  engaging  and  disengaging.  If  a  rigid 
handling  mechanism  is  used,  and  a  larger  angle  cone,  the  difficulties 
will  all  disappear.  The  cone  clutch  then  becomes  admirably  smooth 
in   its  engagement  and  disengagement. 

12  The  flat  surface  clutches  used  in  automobiles  manufactured 
by  the  De  Dion  Company  of  France,  Fig.  31,  and  the  American  type 
made  in  Detroit,  Fig.  17,  may  be  considered  mechanically  as  cone 
frictions  of  90  deg.  They  work  with  admirable  smoothness,  and 
would  also  work  equally  well  with  a  conical  clutch  if  the  cone  angle 
was  20  deg.  or  over.  The  strength  of  the  springs  needed  to  hold  the 
surfaces  in  contact  increases  as  the  cone  angle  increases.  The  cut  in 
Fig.  17  shows  a  clutch  that  is  normally  off,  but  the  same  makers  also 
build  for  large  cars  a  double-faced  clutch  of  the  same  type,  which  is 
normally  on. 

t  13  Leather  is  usually  used  on  the  inner,  and  iron  on  the  outer 
cone.  It  may  be  interesting  to  note  that  chrome  leather  wears 
equally  as  well  as  ordinary  bark-tanned  leather,  and  is  very  much 
superior  when  the  surfaces  run  hot.  When  the  clutch  is  large  in 
diameter  and  the  amount  of  shpping  is  great  enough  to  heat  the  parts, 
then  a  difficulty  sometimes  arises  from  the  fact  that  the  leather  is  a 
non-conductor  of  heat,  and  when  heat  is  generated  at  the  point  of 


Digitized  by  VjOOQIC 


CLUTCHES  99 

sliding  contact,  the  metal  of  the  outer  shell  of  the  clutch  becomes 
hotter,  and  consequently  increases  more  in  diameter  than  the  inner 
one  which  supports  the  leather.  If  when  a  clutch  is  so  heated  it  is 
left  engaged  until  it  cools,  the  outer  cone  will  shrink  more  than  the 
ianer  one,  binding  the  leather  so  tightly  that  it  is  difficult  to  disengage 
the  two  parts  of  the  clutch.  For  this  reason,  large  size  clutches  are 
sometimes  made  with  the  non-conducting  material  attached  to  the 
exterior  part  of  the  cone,  so  that  the  inner  cone  will  be  the  hotter  one, 
then  when  the  clutch  cools,  the  inner  cone  will  shrink  away  from  the 
outer  one  and  thus  loosen  the  clutch. 

14  Par.  47  refers  to  a  form  of  construction  that  is  short  lived. 
The  leather  over  the  springs  that  first  comes  into  contact  will  promptly 
wear  through,  and  the  clutch  will  soon  be  ruined  by  the  breaking  of 
the  leather.  A  larger  angle  of  cone  surfaces  would  at  once  solve  the 
problem.  , 

15  Par.  55,  56,  57  and  58  describe  clutches  that  are  normally 
held  in  driving  contact  by  a  spring.  This  is  the  most  suitable  clutch 
for  an  automobile.  Various  operating  devices  may  be  used,  but 
nearly  all  of  those  shown  are  faulty  in  one  respect,  that  is,  there  is  a 
springy  or  a  loose-jointed  method  of  moving  the  cone  in  and  out  of 
contact.  To  avoid  irregular  working  of  the  clutch,  the  mechanism 
must  be  rigid  and  the  joints  accurately  made. 

16  The  impossibility  of  rapidly  dissipating  the  heat  generated 
when  heavy  and  rapid  work  is  required  eliminates  from  consideration 
enclosed  clutches.  They  are  frequently  satisfactory  on  automobiles, 
as  the  service  is  not  continuous.  The  oiling  in  this  type  requires  care 
in  the  design.  Frequently  it  is  inadequate,  or  too  intermittent  to 
keep  the  surfaces  in  an  equable  working  condition. 

Mb.  F.  C.  Billings  The  author  of  the  paper  holds  that  the  cone 
dutdi,  properly  mounted,  is,  all  things  considered,  the  best  form  of 
clutch  for  automobile  purposes. 

2  We  have  built  several  automobiles  at  The  Billings  and  Spencer 
Company,  and  have  come  to  realize  this  very  point.  Absolute  flexi- 
bility back  of  the  cone  is  essential  to  its  good  behavior,  and  we  went  to 
extremes  in  our  last  car  to  obtain  this  flexibility.  Fig.  1  will  make 
clear  how  this  was  secured. 

3  Referring  to  drawing:  A  indicates  the  cast  iron  fly  wheel, 
mounted  upon  crank  shaft  B;  C  the  driven  member  of  the  cone  clutch. 
Hie  cone  is  leather  faced  with  a  6  deg.  angle,  which  is  a  smaller  angle 
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than  any  mentioned  in  the  paper;  but  it  is  perfectly  successful  and 
does  not  wedge.  At  D  is  a  universal  joint  of  the  usual  cross  type,  but 
in  place  of  bearings  of  hardened  spindles  or  the  like,  four  Hess-Bright 
ball  bearings  are  supplied  as  indicated  at  EE.  These  bearings  natur- 
ally give  perfect  flexibility  and  freedom  from  binding  in  any  direction. 
4  We  have  overcome  the  tendency  of  the  square  telescope  shaft 
to  bind  and  stick  at  a  critical  moment  by  inserting  two  of  the  ball 
bearings  at  FF.  These  carry  the  torque  with  perfect  freedom  and 
give  telescopic  slip. 


Fig.  1     Cone  Clutch  with  Flexible  Mounting 

6  It  is  our  belief  that  one  universal  joint  is  not  sufficient,  and  we 
have  therefore  supplied  at  G  a  squared  socket  enclosing  a  nut  with 
spherical  faces  as  shown  in  the  drawing.  This  permits  full  freedom 
of  action  for  the  universal  joint  ahead  of  it. 

6  We  realize  that  we  adopted  an  expensive  construction,  but 
believe  the  expense  to  be  worth  while  and  that  freedom  from  clutch 
trouble  and  absence  of  wear  will  compensate  for  it.  A  perfect  acting 
clutch  furthermore  saves  wear  and  tear  on  tires  and  the  driving 
mechanism. 

Mr.  Frederick  A.  Waldron  The  writer  was  identified  with  the 
development  of  the  multiple  disc  clutch,  examples  of  which  are  pre- 
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seated  by  Mr.  Souther,  when  first  used  on  cranes  in  1887-1890,  and 
a  summary  of  the  results  may  be  of  general  interest. 

2    A  multiple  disc  clutch  is  a  good  clutch  to  hold,  but  a  poor 
clutch  to  release,  for  the  following  reasons: 

a  There  is  not  enough  lever  movement  to  produce  the  clearance 

between  the  discs  necessary  to  prevent  dragging. 
6  As  the  discs  are  free  on  the  shaft  they  are  spaced  more  or 
less  irregularly,  causing  rubbing  of  their  surfaces.  The 
clearance  is  greatest  between  the  surfaces  nearest  the 
sliding  part, 
c  Imperfect  workmanship  and  heavy  lubricants  are  a  source 
of  drag  troubles,  especially  if  the  driven  portion  has  a 
small  static  resistance  when  not  in  duty. 
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Flo.  1-3    Diagrams   Illustrating  Wear  of  Clutch  Discs  of  Different 
Mean  Diameters 

3'  When  the  driving  surface  is  moving  continuously  and  the 
driven  only  part  of  the  time,  and  there  is  insufficient  separation  of 
the  discs,  heating  and  even  ignition  of  the  oil  sometimes  result. 

4  Clutches  wear  most  rapidly  when  allowed  to  act  as  cut-off 
couplings.  The  discs  wear  unevenly  when  mounted  on  a  shaft  of 
small  diameter.  Worn  out  discs  generally  appear  like  Fig.  3.  Up- 
setting the  ke)rway  in  discs  was  frequent. 

5  The  less  the  difference  between  the  inside  and  outside  diameters 
of  the  discs  the  more  nearly  parallel  the  surfaces  after  they  become 
worn,  and  the  more  efficient  the  surfaces;  assuming,  of  course,  the 
uea  of  the  discs  to  be  sufficient  to  meet  the  requirements. 
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6  The  following  rules  were  finally  adopted  in  designing: 

a  Select  materials  with    as  great  a  coefficient  of  friction  as 

possible.     (Cast  iron  and  elm  or  white  wood  shoes  were 

used.) 
b  The  mean  radius  of  the  discs  should  be  as  large  as  possible, 
c  Reduce  the  number  of  surfaces  to  the  minimum. 
d  Use  graphite  lubrication. 

e  Balance  the  pressure  due  to  gripping  and  avoid  end  thrust. 
/  Have  plain  lever  application  with  two  angles   on  sliding 

collar,  one  to  grip  and  one  to  free  after  release. 
g  Insist  on  good  workmanship,  hardened  points  and  true 

surfaces. 

7  A  clutch  designed  along  these  lines  was  patented  by  Thomas 
Weston,  1899  or  1890,  assigned  to  the  Yale  and  Towne  Manufactur- 
ing Company  and  later  sold  by  them  to  the  Brown  Hoisting  and  Con- 
veying Company,  Cleveland. 

8  The  following  data  may  be  helpful:  Materials  for  friction  sur- 
faces, iron  and  white  wood;  minimum  pressure,  100  lb.  per  square 
inch ;  maximum  pressure,  200  lb.  per  square  inch ;  coefficient  of  friction , 
0.07  on  each  sliding  surface;  hand  pressure  on  lever,  25  to  30  lb.; 
actual  pressure  on  friction  surfaces,  5500  to  11  000  lb.;  incline  on 
sleeve,  7  to  22;  total  travel  of  hand  lever,  22  in.;  ratio  of  hand 
movement  to  shoe  movement  at  the  time  pressure  is  applied,  215 
to  1. 

9  Fig.  1  shows  the  wear  to  be  practically  uniform  with  hole  J  D. 
Fig.  2  shows  the  approximate  curve  of  worn  surface  with  hole  i  D. 
Fig.  3  shows  wear  with  hole  J  D.  In  the  case  of  Fig.  3  the  edge  has 
worn  to  a  thickness  of  only  0.002.  This  wear  was  due  to  the  sliding 
when  the  clutch  was  applied  grr dually  and  the  drag  between  the 
discs  when  not  driving.  Keyways  and  other  details  are  purposely 
omitted  from  the  sketches. 

10  The  foregoing  results  were  obtained  under  the  general  direc- 
tion of  Mr.  John  W.  Meserve,  Mr.  Warren  Morse  and  the  writer. 

Mr.  Hiram  Percy  Maxim*  Mr.  Souther  points  out  the  confusing 
effect  of  variable  lubrication  between  the  engaging  surfaces.  Fully 
as  much  confusion  may  be  caused,  however,  by  difference  in  surface 
velocity  between  the  engaging  surfaces,  and  especially  when  the  sur- 
faces are  metal  in  both  cases.  Interesting  examples  of  this  may  be 
cited  from  the  writer's  experience. 

*  Hiram  Fercy  Maxim,  Hartford,  Ct. 
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2  In  a  certain  automobUe  clutch  it  was  necessary  to  transmit  a 
force  of  70  lb.  at  12-in.  radius.  The  clutch  was  of  the  expanding 
ring,  metal-to-metal  type.  The  internal  diameter  of  the  drum  was 
9.5  in.  and  the  metal  cast  iron.  The  expanding  band  was  a  bronze 
casting,  ^  in.  thick  and  2  in.  wide.  It  was  anchored  at  one  end 
and  actuated  at  the  other.  The  band  was  connected  to  the  engine 
shaft  and  was  consequently  the  driver.  The  drum  was  connected 
to  the  car,  and  consequently  was  the  driven  member. 

3  This  clutch,  when  run  in  ordinary  light  machine  oil,  and  at  a 
surface  velocity  of  approximately  1000  ft.  per  minute,  would  at  once 
pick  up  the  stationary  or  driven  member.  If  snapped  in  as  suddenly 
as  one  could  shift  it,  it  would  pick  up  its  load  very  gently,  and  yet 
inside  of  three  or  four  seconds  time.  The  coefficient  of  friction 
seemed  to  increase  inversely  to  the  surface  velocity  difference.  It 
started  with  the  gentleness  of  a  boat  without  at  first  materially 
affecting  the  engine  speed,  and  then,  as  the  speed  of  the  driven  mem- 
ber increased  it  would  gently  seize,  bringing  down  the  engine  speed 
quickly,  and  take  full  advantage  of  the  fly-wheel  inertia. 

4  But  it  so  happened  that  1000  ft.  per  min.  surface  speed  was 
lower  than  what  was  practically  necessary  in  service,  in  order  to  pre- 
vent stalling  the  engine  when  starting  the  automobile.  The  engine 
speed  had  to  be  about  800  r.p.m.  to  insure  starting  the  car  at  all 
times,  and  this  meant  approximately  2000  ft.  per  min.  surface  speed 
on  the  part  of  the  expanding  band  in  the  clutch.  At  this  velocity 
the  characteristics  of  this  clutch  were  absolutely  different.  Where 
the  load  of  70  lb.  could  be  picked  up  nicely  in  three  or  four  seconds 
time  before,  it  could  scarcely  be  picked  upjat  all^at  this  higher  speed. 
The  coefficient  of  friction  between  the  surfaces  at  the  higher  speed 
was  but  a  small  per  cent  of  what  it  was  at  the  lower  speed. 

5  In  my  struggles  to  get  out  of  this  difficulty  an  interesting 
example  of  the  confusing  effects  of  variable  lubrication,  of  which 
Mr.  Souther  speaks,  was  presented. 

6  As  explained,  at  a  surface  velocity  difference  of  2000  ft.  per 
min.,  Ught  machine  oil  would  prevent  the  metal  surfaces  from  getting 
together,  and  this  in  spite  of  any  combination  of  oil  grooves  I  could 
arrange.  The  question  then  arose  as  to  whether  there  was  any  other 
lubricant  which  would  not  tend  so  strongly^^to  keep  the  metal  sur- 
faces separated.  I  thought  at  once  of  graphite  as  a  non-liquidVlubri- 
cant  and  one  which  would  therefore  not  flow.  I  tried  it  and  found 
to  my  astonishment  thal^there  was  no  practical]^velocity ^difference 
at  which  I  could  not  pick  up  the  load  as  quickly  as  I  wanted.     Indeed, 
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with  excess  of  graphite  the  clutch  would  go  to  the  opposite  extreme 
and  be  savage.  The  difficulty  was  overcome  and  the  solution  is  an 
interesting  instance  of  what  Mr.  Souther  has  pointed  out  regarding 
lubrication  between  the  clutching  surfaces. 

7  In  leather-to-metal  clutches  the  characteristics  of  engagement 
are  entirely  diflferent  from  what  they  are  in  metal-to-metal.  Dif- 
ference in  surface  velocities  has  not  as  much  eflFect.  I  have  always 
considered  that  the  reason  for  this  was  the  fact  that  the  leather  being 
porous,  any  lubrication  on  the  surfaces  has  an  opportunity  actually  to 
sink  into  the  fibre  of  the  leather  and  escape. 

8  The  approximate  uniformity  of  friction  at  all  velocities  in  the 
case  of  leather  is  a  disadvantageous  feature  in  some  automobile 
services.  To  insure  against  slipping,  pressures  have  to  be  used 
which  make  savage  starting  very  difficult  to  avoid.  In  racing  this 
is  especially  bad,  for  powers  are  so  high  as  to  produce  terrific  strains. 
There  have  been  many  cases  of  rupture  of  gears  and  shafts  in  the 
transmission  line  of  automobiles  due  solely  to  the  savage  engagement 
of  the  clutch.  I  have  raced  many  different  types  of  automobiles 
fitted  with  both  leather  faced  and  metal  faced  clutches,  and  the  com- 
parison of  the  two  types  is  instructive. 

9  In  track  and  beach  racing,  the  contestants  are  either  lined  up 
directly  on  the  starting  line  and  sent  off  at  the  crack  of  a  pistol  shot, 
or  they  assemble  100  yd.  back  of  the  start  and  line  up  as  they  bear 
down  to  the  line.  In  either  case  the  man  with  the  best  clutch  has 
an  immense  advantage.  The  get  away  is  of  course  the  all  important 
thing,  as  the  one  able  to  sweep  ahead  in  the  first  few  yards  is  able  to 
get  the  pole,  and  on  a  circular  track  this  advantage  is  the  equivalent 
of  several  horse  power. 

10  With  graphite  in  a  metal-to-metal  clutch  I  have  won  several  races 
over  cars  able  to  beat  me  badly  on  a  dead  straightaway.  In  all  races 
where  I  used  this  type  of  clutch  my  practice  was  to  begin  speeding  up 
the  engine  as  the  starter  began  counting  the  last  three  or  four  seconds. 
By  the  time  the  pistol  shot  came  the  engine  would  be  running  very 
likely  as  high  as  2000  r.p.m.  At  the  crack  of  the  pistol  I  would  drop 
the  clutch  in  with  a  snap — actually  letting  it  all  the  way  in  as  quickly 
as  I  could  release  my  foot.  Without  the  slightest  jerk,  it  would 
gather  headway  very  much  as  a  modern  high  speed  elevator  does. 
It  would  not  waste  any  energy  in  slipping  the  driving  wheels,  nor 
would  it  waste  a  material  amount  of  the  energy  of  the  rapidly  spin- 
ning fly-wheel.  While  I  raced  with  this  clutch  I  do  not  remember 
a  case  where  I  was  not  able  to  take  the  pole  from  my  adversaries 
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in  a  very  few  car  lengths.     I  personally  do  not  believe  a  leather  faced 
clutch  could  be  made  which  would  accomplish  this. 

1 1  The  metal-to-metal  clutch  is  slow,  however,  in  gaining  popu- 
larity. This  is,  in  the  opinion  of  the  writer,  due  to  its  higher  cost 
and  greater  manufacturing  difficulties.  In  the  simple  cone  type  of 
leather  faced  clutch  the  cheapest  construction  is  possible  and  in 
many  cases  a  good  enough  action  is  secured.  In  the  writer's  opinion 
however,  it  can  never  compare  with  the  metal-to-metal  type  for  truly 
good  clutch  performance. 

Prof.  Forrest  R.  Jones  I  would  suggest  a  modification  of  the 
first  two  sentences  of  the  author's  P  ar.  39 ,  to  read  as  follows :  Any  auto- 
mobile clutch  must  engage  quickly,  smoothly  and  absolutely  without 
shock  up  to  the  full  torque  capa^y  of  the  motor  with  certainty  of  not 
exceeding  this  amount  of  grip  by  more  than  a  few  per  cent  at  most,  mu^t 
not  be  injured  by  heating  to  a  high  temperature  on  account  of  the  slipping 
that  must  necessarily  occur  when  starting  the  car,  and  mu^t  be  durable,  to 
be  called  a  success.  The  italicized  portion  is  the  addition  to  the 
original  sentences. 

2  The  torque  that  a  given  clutch  will  transmit  depends  solely  on 
the  pressure  between  the  friction  surfaces  and  the  coefficient  of  fric- 
tion. The  latter  is  a  variable  quantity,  as  has  been  pointed  out  by 
Mr.  Souther.  It  is  generally  exceedingly  variable  and  always  beyond 
control.  The  only  method  of  regulating  the  torque  is  by  variation 
of  the  pressure  between  the  friction  members. 

3  To  meet  the  requirements  of  a  successful  clutch,  as  just  stated, 
the  pressure  between  the  friction  surfaces  mu^t  be  regulaied  auiomatically 
so  as  to  be  inversely  proportional  to  the  coefficient  of  friction.  That 
this  automatic  regulation  can  be  accomplished  successfully  has  been 
demonstrated  by  tests  upon  a  clutch,  a  description  of  which  the 
writer  hopes  later  to  present  to  the  engineering  profession. 

[The  auther  wished  to  present  no  closure. — Editor] 
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T.  H.  UiNCHMAN,  Jr.  H.  E.  Coffin 

A.  C.  Pessano  S.  i  .  Barnes 

PROGRAM 

OPENING  SESSION 

Tuesday  evening,  June  23,  at  9,00  o'clock 

In  the  Convention  Hall   of  Hotel  Cadillac 

Address  of  welcome,  by  Mayor  Thompson  of  Detroit. 
Response  by  M.  L.  Holman,  President  of  the  Society. 
A  social  reunion  and  informal  reception  was  held  alter  the  open- 
ing addresses. 

SECX)ND  SESSION 

Wednesday  morning,  June  24,  at  9,30  o'clock 

Business  Meeting.     Reports  of  the  Tellers  on  Election  of  Members 
md  Reports  of  Standing  and  Special  Committees. 

SYMPOSIUM  ON  MACHINEKY  POK  CONVEYING  MATERIALS 

Hoisting  and  Conveying  Machinery,  G.  E.  Titcomb. 

Continuous  Conveying  of  Materials,  S.  B.  Peck. 

The  Belt  Conveyor,  C.  Kemble  Baldwin. 

Conveying  Machinery  in  a  Cement  Plant,  C.  J.  Tomlinson. 

Belt  Conveyors,  E.  J.  Haddock. 

t  iscusaed  by, 
Spencer  Miller,  Melvin  Pattison,  Geo.  B.  Willcox,  Charles  Piez,  E.  H.  Messiter, 
T.  A.  Bennett,  Jas.  M.  Dodge,  R.  C.  Carpenter,  E.  S.  Fickes,  Edw.  G. 
Thomas,  H.  W.  Hibbard,  John  McGeorge,   W.  T.   Donnelly,  H.  H. 
Suplee,  Wm.  Kent,  A.  B.  Proal. 
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THIRD  SESSION 

Wednesday  afternoon^  at  2,00  o'clock 

CONVEYING  MATERIALS,  discussion  continued 

Thermal  Properties  op  Superheated  Steam,  Prof.  R.  C.  H. 
Heck. 

Discussed  by, 

H.  T.  Eddy,  H.  H.  Suplee,  W.  D.  Ennis,  H.  N.  Davis,  C.  C.  Thomas. 

A  Rational  Method  op  Checking  Conical  Pistons,  Prof.  G.  H. 
Shepard. 

Discussed  by, 
M.  Nusim. 

A  Journal  Friction  Measuring  Machine,  Henry  Hess. 

Discussed  by, 
J.  Royden  Peirce,  J.  A.  Brashear,  C.  H.  Benjamin. 

LECTURE 
Wednesday  evening,  at  8.80  o'clock 

Contributions  op  Photography  to  our  Knowledge  op  Stellar 
Evolution,  by  Prof.  John  A.  Brashear,  Astronomer  and  Scientist. 
Allegheny,  Pa. 

EXCURSION 
Thursday  morning,  June  26,  at  10.00  o*clock 

Through  the  courtesy  of  Mr.  A.  C.  Pessano,  Member  of  the  Detroit 
Local  Committee  and  President  and  General  Manager  of  the  Great 
Lakes  Engineering  Works,  the  Society  was  entertained  by  a  steamer 
trip  to  the  Great  Lakes  Engineering  Works  to  witness  the  launch- 
ing of  the  10  500-ton  steamer,  the  William  B.  Meacham,  and  to  see 
the  sinking  into  place  of  the  fourth  section  of  the  Detroit  tunnel. 

FOURTH  SESSION 
Thursday  afternoon,  at  2.30  o'clock 

The  Surge  Tank  in  Water  Power  Plants,  Raymond  D.  Johnson 

Discussed  by, 

L.  F.  Harza,  Irving  P.  Church,  Morris  Knowles,  Chester  W.  Larner. 
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Some  Pitot  Tube  Studies,  Prof.  W.  B.  Gregory  and  Prof.  E.  W. 
Schoder. 

DiaciiBsed  by, 

Geo.  A.  Orrok,  Sanford  A.  Moss,  H.  T.  Eddy. 

Comparison  of  Screw  Thread  Standards,  Amasa  Trowbridge. 
Discussed    by, 
Luther  D.  Burlingame,  F.  A.  Halsey. 

Identification  of  Power  House  Piping  by  Colors,  Wm.  H. 
Br\'an. 

Discussed  by, 
G.  E.  Mitchell,  Fred.  W.  Sahnon,  John  W.  Lieb,  Jr.,  Geo.  A.  Mattsson. 

GAS   POWER   SECTION 

Thursday  afternoorif  at  2.30  o^clock 

Simultaneous  with  the  Fourth  Regular  Session 

The  By-Product  Coke  Oven,  W.  H.  Blauvelt. 

Discussed  by, 
J.  R.  Bibbins,  C.  N.  Barber,  C.  G.  Atwater,  R.  H.  Femald,  John  C.  Parker, 
G.  J.  Rathbun. 

Power  Plant  Operation  on  Producer  Gas,  G.  M.  S.  Tait. 

Discuflsed  by, 
C.  W.  Lummis,  H.  F.  Smith,  E.  P.  Coleman,  C.  J.  Davidson,  H.  W.  Peck, 
F.  H.  StiUman,  H.  W.  Jones,  J.  R.  Bibbins. 

Horse  Power,  Friction  Losses  and  Efficiencies  of  Gas  and 
Oil  Engines,  Prof.  Lionel  S.  Marks. 

Discussed  by, 
H.  H.  Suplee. 

A  Simple  Method  of  Cleaning  Gas  Conduits,  W.  D.   Mount. 

RECEPTION 
Thursday  evening,  at  9.00  o^clock 

A  very  enjoyable  reception  was  held  in  the  parlors  of  the  Hotel 
Cadillac. 

Friday  morning,  June  26,  at  9.00  o'clock 

Economy  Tests  of  High-Speed  Engines,  F.  W.  Dean  and  A,  C. 
Wood. 
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Discussed  by, 
Geo.  H.  Barrus,  C.  A.  Dawley,  Richard  H.  Rice,  R.  C.  Stevens,  John  R. 
Parker,  W.  F.  M.  Goss,  G.  A.  Young,  Thos.  Gray,  C.  H.  Treat. 

Air  Leakage  in  Steam  Condensers,  Thos.  C.  McBride. 

Discussed  by, 
Chas.  A.  Howard,  C.  L.  Heisler. 

Clutches,    Henry    Souther.     Discussion   continued    from    May 
meeting. 

Discussed  by, 

Frank  Mossberg,  Chas.  D.  Rice,  F.  C.  Billings,  F.  A.  Waldron,  H.  P.  Maxim, 
Charles  Wallace  Hunt,  Fred  Miller,  E.  J.  McClellan,  J.  J.  Belhnan,  E.  H. 
Neflf,  B.  D.  Gray,  F.  R.  Jones,  C.  R.  Gabriel. 

EXCURSION 
Friday  afternoon,  at  3,00  o'clock 
li^xcursion  on  the  Detroit  River  on  Steamer  Britannia. 


ACCOUNT  OF  THE  MEETING 

The  57th  meeting  of  the  Society  was  held  at  Detroit,  June  23  to  26, 
with  an  attendance  of  717.  On  Tuesday  evening,  June  23,  was  an 
informal  reception,  with  an  address  of  welcome  by  Mayor  Thompson 
of  Detroit,  and  a  response  by  President  Holman.  Mayor  Thompson 
expressed  his  pride  in  the  professional  accomplishments  of  the  local 
members  of  the  Society,  and  welcomed  the  visiting  members  as  repre- 
sentatives of  a  profession  engaged  in  lightening  men's  work  and  in 
making  it  possible  for  an  ordinary  man  to  enjoy  some  of  the  luxuries 
and  comforts  of  life.  In  his  response  President  Holman  referred  to 
the  industrial  undertakings  of  the  city,  and  its  many  attractions,  add 
voiced  the  pleasure  of  the  visiting  members  and  their  friends  at  the 
hearty  welcome  extended. 

BUSINESS    MEETING 

On  Wednesday  morning,  June  24,  was  the  business  meeting  and 
first  professional  session.  President  Holman  called  the  meeting  to 
order  and  read  the  report  of  the  tellers  of  election  announcing  the  can- 
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didates  elected  to  membership  in  the  Society.    The  list  is  published 
as  an  appendix  to  the  report  of  this  meeting. 

The  Secretary  announced  as  follows  the  committee  appointed  by  the 
president  to  nominate  officers  for  the  ensuing  year:  Mr.  James  M. 
Dodge,  Philadelphia,  Chairman;  Mr.  George  H.  Barrus,  Boston;  Mr. 
Fred  M.  Prescott,  Milwaukee;  Mr.  Frank  E.  Shepard,  Denver;  and  Mr. 
Newell  Sanders,  Chattanooga. 

In  making  this  announcement  he  called  attention  to  the  fact  that 
the  President  in  his  administration  had  particularly  recognized  the 
national  character  of  the  organization  and  in  choosing  committees 
had  selected  members  of  the  Society  from  widely  different  parts  of 
the  country. 

The  Secretary  welcomed  to  the  professional  and  social  events  of  the 
Society  the  members  of  the  other  societies  in  convention  at  Detroit 
at  that  time,  the  Society  for  the  Promotion  of  Engineering  Ekiucation, 
the  Society  of  Automobile  Engineers  and  the  American  Gas  Power 
Society.  Announcement  was  also  made  of  meetings  and  papers  of  the 
other  societies  which  would  interest  the  members  of  this  Society. 

This  concluded  the  regular  business,  and  under  the  order  of  new 
business,  Professor  Hutton,  Honorary  Secretary,  made  a  motion  pro- 
viding for  the  revision  of  the  report  on  standard  methods  for  conducting 
tests  of  gas  engines.  Great  credit  has  come  to  the  Society  from 
the  preparation  of  special  reports  covering  methods  of  conducting 
engineering  research  work.  One  of  the  most  creditable  of  these  is 
that  relating  to  gas  engine  tests,  but  as  it  is  now  about  three  years 
old,  and  there  has  been  rapid  development  of  the  internal  combus- 
tion engine,  the  report  is  in  need  of  revision.  He  therefore  moved 
that  the  Council  be  requested  to  ask  the  Gas  Power  Section  of  the 
Society  to  make  recommendations  for  the  revision  of  the  Society  *s  code  I 
for  making  tests  of  internal  combustion  engines.  • 

The  motion,  seconded  by  Dr.  R.  C.  Carpenter,  was  carried. 

Mr.  Frank  Sutton  explained  that  one  of  the  reasons  for  urging  the 
revision  of  this  code  is  the  fact  that  authors  would  desire  its  incor- 
poration in  books  to  be  published,  and  he  urged  that  the  revision  be 
made  at  as  early  a  date  as  possible. 

The  President  suggested  that  while  revising  the  standards  for  con- 
ducting tests  on  gas  engines,Jit  would  be  desirable  to  revise  the  stand- 
ards for  testing  all  engines,  placing  all  upon  the  heat  unit  basis,  which 
was  the  only  proper  basis  for  a  duty  test  of  an  engine,  or  for  engine 
guaranty. 
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SYMPOSIUM  ON  CONVEYING  OF  MATERIALS 

This  concluded  the  new  business,  and  the  balance  of  the  session  was 
devoted  to  a  symposium  upon  the  hoisting  and  conveying  of  materials. 
The  five  papers  scheduled  upon  this  subject  were  presented  in  suc- 
cession and  a  long  discussion  followed.    These  papers  were  as  follows: 

a  Hoisting  and  Conveying  Machinery,  by  George  E.  Titcomb,  Phil- 
adelphia, published  in  June  Proceedings.  This  paper  describes  pres- 
ent day  facilities  for  the  mechanical  transfer  of  materials,  especially 
coal  and  ore,  dealing  with  the  intermittent  class  of  raw  material  con- 
veyors, including  open  air  and  covered  coal  storage  apparatus,  trav- 
ersing and  revolving  bridge  tramways,  locomotive  cranes,  hoisting 
towers,  etc. 

b  The  Continuous  Conveying  of  Materials,  by  Staunton  B.  Peck,  pub- 
lished in  the  June  Proceedings.  The  paper  covers  only  the  conveying 
of  materials  by  continuous  machines,  and  describes  some  of  the  types 
in  use,  giving  data  as  to  their  adaptabilities,  capacities,  power  con- 
sumed and  economies  effected.  Following  this,  applications  of  con- 
veying machinery  are  shown,  with  some  figures  relating  to  capacities 
and  economy. 

c  The  Belt  Conveyor,  by  C.  Kemble  Baldwin,  published  in  the  June 
Proceedings.  The  author  outlines  the  possibilities  of  the  belt  con- 
veyor for  handling  heavy  abrasive  materials,  and  gives  data  for  aid  in 
the  preparation  of  designs.  He  makes  several  claims  for  this  type  of 
conveyor,  which  his  experience  has  shown  to  be  well  founded,  holding 
that  local  conditions  have  an  important  influence  on  the  choice  of  the 
proper  width  and  character  of  belt,  general  arrangement,  etc.,  and 
that  on  these  matters  the  specialist  should  be  consulted  in  order  to 
get  the  best  results. 

d  Conve3dng  Machinery  in  a  Portland  Cement  Plant,  by  C.  J.  Tom- 
linson,  published  in  the  June  Proceedings.  Conditions  in  cement  plants 
are  such  as  to  test  conveying  apparatus  to  its  utmost,  and  indicate 
that  heavier  and  simpler  devices  should  be  adopted,  with  convenient 
means  of  recording  the  performances  of  the  machinery  served.  The 
author  recommends  devices  similar  to  the  blast  furnace,  skip  hoist 
and  scale  transfer  car. 

e  The  Performance  of  Belt  Conveyors,  by  E.  J.  Haddock,  published 
in  the  September  number  of  The  Journal.  The  results  of  tests  upon 
belt  conveyors  are  reported  in  this  paper  with  conclusions  and  form- 
ulae bearing  upon  the  design  and  operation  of  this  type  of  apparatus. 
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THIRD   SESSION 

The  afternoon  session  began  with  a  paper  by  Prof.  R.  C.  H.  Heck, 
on  Thermal  Properties  of  Superheated  Steam,  published  in  May  Pro- 
ceedings, in  which  a  graphical  comparison  is  made  of  data  from  experi- 
ments of  Knoblauch  and  Jakob  and  of  Thomas  upon  specific  heat  of 
superheated  steam  under  constant  pressure.  This  shows  a  marked 
difference  near  the  point  of  saturation,  accounted  for  by  the  author 
in  part  by  errors  in  interpretation  by  Knoblauch  and  Jakob.  A  new 
interpretation  is  made  of  the  results  of  the  two  later  investigators, 
bringing  them  into  essential  agreement  with  the  work  of  Thomas. 
There  is  a  table  giving  specific  heat  and  other  data  relating  to  super- 
heated steam. 

The  second  paper  was  A  Rational  Method  of  Checking  Conical 
Pistons  for  Stress,  by  Prof.  George  H.  Shepard,  published  in  the 
February  Proceedings.  In  the  absence  of  the  author  it  was  presented 
by  Mr.  George  A.  Orrok.  The  paper  leads  to  the  deduction  of 
formulae  for  stress  derived  by  methods  intended  to  be  applicable  to  a 
conical  piston  of  any  form. 

The  concluding  paper  was  upon  A  Journal  Friction  Measuring 
Machine,  by  Mr.  Henry  Hess,  published  in  the  January  Proceedings.  It 
describes  a  machine  in  which  journals  can  be  subjected  to  radial  loads, 
Arust  loads,  or  both  simultaneously,  and  at  varied  speeds.  The  sen- 
ativeness  of  the  machine  is  sufficient  to  permit  an  analysis  of  bearing 
friction  that  will  show  the  influence  of  the  slight  sliding  friction  always 
pr^ent  in  bearings,  besides  rolling  friction.  Diagrams  are  shown  indi- 
cating the  relation  of  load  and  friction  in  radial  ball  bearings  and  in 
thrust  ball  bearings,  of  the  speed  and  load  in  equal  thrust  ball  bearings, 
and  of  the  effect  on  the  friction  of  the  more  usual  forms  of  ill  treat- 
ment. In  the  absence  of  the  author  the  paper  was  presented  by  Dr. 
C.  H.  Benjamin. 

LECTURE 

On  Wednesday  evening  was  the  delightful  lecture  by  Dr.  John  A. 
Brashear,  on  Contributions  of  Photography  to  our  Knowledge  of  Stel- 
lar Evolution.  To  many  this  was  the  crowning  event  of  the  several 
meetings.  The  lecture  was  given  in  the  hall  of  the  Y.  M.  C.  A.  before  a 
large  audience,  which  the  speaker  had  at  his  command  until  his  last 
word  was  spoken.  Many  photographs  were  thrown  on  the  screen,  begin- 
mng  with  views  of  astronomical  apparatus,  and  following  with  views 
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of  constellations,  the  moon  and  the  planets;  and  of  greater  beauty 
than  all,  photographs  of  nebulae,  the  existence  of  which  had  never 
been  suspected  until  detected  by  the  photographic  plate. 

FOURTH  SESSION 

The  session  on  Thursday  afternoon,  June  26,  opened  with  a  paper  on 
The  Surge  Tank  in  Water  Power  Plants,  by  Mr.  Raymond  D.  Johnson, 
published  in  the  June  Proceedings.  The  paper  deals  with  the  momen- 
tum of  flowing  water  in  long  pressure  pipes  for  the  supply  of  hydraulic 
turbines  for  impulse  wheels,  and  the  control  of  rate  of  flow  for  the 
speed  regulation  of  water  wheels  without  harmful  results  or  waste  of 
water  through  regulating  valves  or  deflecting  nozzles  or  by-passing  it. 
This  is  accomplished  by  a  surge  tank  near  the  down  stream  end  of  the 
pressure  pipe,  which  may  be  either  under  atmospheric  pressure  simply, 
or  under  compressed  air.  The  paper  treats  the  subject  mathematically, 
and  gives  formulae  for  proportioning  the  sizes  of  surge  tanks  under  vari- 
ous conditions,  besides  treating  of  a  novel  device  called  by  the  author 
a  differential  regulator,  by  which  the  diameter  of  the  tank  may  be 
reduced,  thereby  lessening  its  cost. 

Some  Pitot  Tube  Studies,  by  Prof.  W.  B.  Gregory  and  Prof.  E.  W. 
Schoder,  published  in  the  May  Proceedings,  considers  the  distribution  of 
velocities  and  pressures  of  flowing  water  as  determined  by  experiment 
in  straight  and  curved  portions  of  a  pipe,  by  the  aid  of  the  Pitot  tube. 
A  study  is  made  of  the  indications  of  a  Pitot  tube,  both  with  the  impact 
opening  facing  the  current  and  the  reverse,  and  there  is  given  a  con- 
venient method  for  making  Pitot  tube  traverses  in  straight  pipe. 

A  brief  paper,  A  Comparison  of  Screw  Thread  Standards,  was  con- 
tributed by  Mr.  Amasa  Trowbridge,  and  published  in  the  June  Pro- 
ceedings. It  contains  a  diagram  showing  to  what  extent  present  recog- 
nized standards  for  screw  threads,  harmonize  or  may  be  combined. 
The  paper  was  read  by  Mr.  L.  D.  Burlingame,  who  also  contributed  a 
discussion  proposing  formulae  for  a  standard  fine  pitch  screw  system, 
forming  a  connecting  link  between  machine  screw  sizes  and  United 
States  standard  threads  used  on  the  larger  sizes  of  bolts.  The  paper 
was  further  discussed  by  Mr.  F.  A.  Halsey,  who  contended  that  a 
standard  for  fine  pitch  screws  was  desirable  and  moved  that  a  com- 
mittee be  appointed  to  investigate  the  subject.  The  motion  was  car- 
ried. 

The  next  paper  in  order  was  on  The  Identification  of  Power  House 
Piping  by  Colors,  by  Mr.  William  H.  Bryan,  published  in  the  June  Pro- 
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ceedings.  It  advocates  the  adoption  of  a  system  for  coloring  pipe 
lines,  with  further  subdivision,  if  required,  by  giving  the  flanges  a 
different  tint,  by  means  of  which  the  different  pipe  lines  in  modem 
powerplantsmaybedistinguishedandconfusionavoided.  The  author 
presents  schemes  for  coloring  pipe  lines  of  any  size  and  believes  the 
time  is  ripe  for  the  establishment  of  a  uniform  standard. 

At  the  close  of  his  discussion  Mr.  Lieb  offered  a  motion,' seconded  by 
Mr.  L.  D.  Burlingame,  that  the  suggestions  made  in  the  paper  as  to 
the  formulation  of  a  code  of  symbols  for  power  house  piping  be  referred 
to  the  Council  of  the  Society  for  consideration.  The  motion  was  car- 
ried. 

GAS   POWER   SESSION 

A  session  of  the  Gas  Power  Section  of  the  Society  was  held  simulta- 
neously with  a  regular  session  on  Thursday  afternoon.  Dr.  Charles 
E.  Lucke,  president  of  the  Section,  presided. 

The  first  business  was  the  reports  of  the  standing  committees. 
The  secretary  of  the  Section,  Mr.  Suplee,  presented  a  progress  report 
for  Mr.  Henry  L.  Doherty,  chairman  of  the  Section's  Meetings  Com- 
mittee, stating  that  papers  were  in  hand  for  a  meeting  in  New  York 
in  October. 

The  secretary  also  presented  a  report  for  Mr.  Robert  T.  Lozier, 
chairman  of  the  Section's  Membership  Committee,  calling  attention  to 
the  fact  that  registration  is  necessary  for  members  of  the  Society  to  be 
enrolled  as  members  of  the  Section,  and  also  urging  all  others  inter- 
ested in  the  subject  of  gas  power  who  have  not  joined  the  Section  to 
enroll  as  aflSliates. 

The  Section's  Committee  on  Standardization  made  a  progress  report, 
including  extended  communications  from  Mr.  J.  R.  Bibbins,  Mr.  H.  F. 
Smith  and  Mr.  Arthur  West,  members  of  the  committee,  together 
with  a  communication  from  Mr.  J.  B.  Klumpp,  a  member  of  the  Gas 
&igme  Committee  of  the  National  Electric  light  Association. 

The  secretary  reported  the  action  at  the  business  meeting  of  the 
Society  to  the  effect  that  the  revision  of  the  Society  code  for  testing 
gas  engines  had  been  referred  to  the  Council,  with  suggestions  that  its 
revision  be  placed  in  the  hands  of  the  Gas  Power  Section. 

GAS   POWER   PAPERS 

The  Section  then  proceeded  to  the  discussion  of  professional  papers 
afl  foUows: 
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The  By-Product  Coke  Oven,  by  Mr.  W.  H.  Blauvelt,  published  in 
March  Proceedings.  This  paper  discusses  the  advantageous  produc- 
tion of  coke  in  retort  ovens  for  the  purpose  of  securing  the  valuable 
chemical  by-products.  Its  principal  interest  to  the  Section  lies  in 
the  discussion  of  the  production  of  power  gas  in  connection  with  the 
coking  operation,  and  the  paper  contains  tabulated  data  of  the  yields 
and  character  of  the  gas  produced  from  various  coals  and  the  appli- 
cation for  use  in  gas  engines. 

The  next  paper  was  upon  Power  Plant  Operation  on  Producer  Gas, 
by  Mr.  G.  M.  S.  Tait,  published  in  the  June  Proceedings. 

Mr.  Tait 's  paper  refers  especially  to  the  desirability  of  using  a  pro- 
ducer gas  containing  little  or  no  hydrogen,  the  combustible  consisting 
almost  entirely  of  carbon  monoxid.  The  producer  described  by  Mr 
Tait  dispenses  entirely  with  steam  or  moisture  in  the  blast  and  utilizes 
a  portion  of  the  exhaust  gases  of  the  engine  supply  below  the  grate  to 
dilute  the  air  and  regulate  the  combustion. 

The  next  paper  was  upon  Horse  Power,  Friction  Losses  and  Efficien- 
cies of  Gas  and  Oil  Engines,  by  Prof.  Lionel  S.  Marks. 

This  paper  is  principally  a  discussion  of  the  question  as  to  whether 
the  power  required  to  operate  compression  pumps  and  other  auiQliary 
parts  of  the  engine  should  be  deducted  in  computing  the  indicated 
horse  power.  Reference  was  made  to  the  extent  of  the  discussion  on 
this  subject  three  years  ago  in  the  Society  of  German  Engineers,  and 
it  was  agreed  that  the  whole  matter  should  properly  come  before  the 
Standardization  Committee  for  consideration.  The  secretary  was 
requested  to  prepare  an  abstract  of  the  German  discussion  for  the  use 
of  the  members  and  of  the  Standardization  Committee. 

The  last  paper  was  upon  A  Simple  Method  of  Cleaning  Gas  Con- 
duits, by  W.  D.  Mount. 

RBCEPTION 

On  Thursday  evening  a  reception,  with  dancing  and  refreshments, 
was  held  at  the  Hotel  Cadillac. 

CONCLUDING  SESSION 

The  last  session  was  on  Friday  morning,  June  26,  and  the  first  paper 
was  upon  Economy  Tests  of  High  Speed  Engines,  by  Mr.  F.  W.  Dean 
and  Mr.  A.  C.  Wood,  published  in  June  Proceedings.  It  reviews  tests 
upon  eight  higli  speed  engines,  which  had  been  in  use  a  considerable 
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length  of  time.  The  object  of  the  tests  was  to  determine  under  the 
conditions  of  actual  running  operation  the  steam  per  indicated  horse 
power  per  hour  and  per  kilowatt  hour,  and  also  the  efficiency  of  the 
generating  sets  as  shown  by  the  ratio  of  the  indicated  horse  power 
to  tiie  electrical  horse  power  at  the  switch  board  The  engines  were 
not  put  in  order  for  the  tests. 

The  second  paper,  upon  Air  Leakage  in  Steam  Condensers,  by  Mr. 
Thomas  C.  McBride,  published  in  June  Proceedings,  advocates  meas- 
uring by  air  pump  displacement  and  temperature  the  amount  of  air 
passing  through  a  condenser,  and  comparing  this  amount  in  different 
condensers  on  the  basis  of  its  ratio  by  volume  to  the  steam  being  con- 
densed. The  paper  recommends  that  in  testing  condensers  engineers 
measure  the  amount  of  air  on  the  basis  suggested,  in  order  that  the 
amount  of  air  anticipated  by  ordinary  practice  may  be  established. 
Teste  are  cited  showing  widely  different  air  leakages  under  different 
conditions. 

The  concluding  paper  on  Clutches,  by  Mr.  Henry  Souther,  had  been 
Iffesented  at  the  New  York  monthly  meeting  in  May.  The  discussion 
was  continued  at  this  time,  and  at  the  invitation  of  the  Society  mem- 
bers of  the  Society  of  Automobile  Engineers  participated  in  it. 

This  concluded  the  professional  papers,  and  resolutions  were  then 
offered  by  Mr.  C.  W.  Hunt,  and  seconded  by  Mr.  Charles  Whiting 
Baker,  extending  the  thanks  of  the  Society  to  the  members  of  the 
local  committee  and  others  who  had  provided  so  enjoyable  a  time  for 
the  visiting  members.    The  resolutions  were  as  follows: 

Whereas,  The  American  Society  of  Mechanical  Engineers  in  convention 
ssembled  at  Detroit,  June  26,  1908,  desires  to  express  its  appreciation  of  the 
many  hospitalities  extended  to  its  visiting  members  and  friends  by  its  hosts,  the 
bcal  members  and  their  friends  of  Detroit;  and  to  all  who,  by  untiring  efforts, 
bive  made  the  Spring  Meeting  of  1908  so  extraordinarily  pleasant,  and  so  profit- 
able an  occasion. 

Be  it  Resolved,  That  the  Secretary  be  instructed  to  extend  the  thanks  of 
the  Society  and  to  express  the  deep  appreciation  of  its  members  and  guests  to 
the  diairman  and  members  of  the  local  committee  and  especially  to  the  ladies  of 
the  local  committee  for  the  splendid  entertainment  provided;  to  the  Great  Lakes 
Eopnecring  Works  and  its  president,  Mr.  A.  C.  Pessano,  for  the  arrangements 
eoniiected  with  the  launching;  to  Mr.  F.  E.  Kirby  and  the  engineering  staff  of  the 
Detroit  Timnel ;  to  the  Detroit,  Belle  Isle  and  Windsor  Ferry  Company  for  the  use 
^  &n  excursion  steamer;  to  the  several  manufacturing  plants  of  the  city,  so  freely 
opened  for  inspection;  and  to  Prof.  J.  A.  Brashear  for  his  lecture,  which  afforded 
ndeUgfatful  an  evening's  entertainment. 

These  resolutions  were  passed  by  unanimous  vote,  and  the  meet- 
H  was  then  declared  adjourned. 
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Entertainment 

The  entertainment  provided  by  the  local  committee  and  others 
interested  in  the  Society  will  long  be  remembered  by  the  visiting  mem- 
bers and  their  guests  because  of  the  solid  enjoyment  and  continuous 
round  of  pleasures  which  it  afforded. 

THE   LAUNCHING 

The  launching  of  the  Daniel  B.  Meacham,  which  had  been  anticipated 
so  much,  was  a  beautiful  sight.  The  members  were  carried  by 
steamer  to  Ecorse  and  when  the  boat  drew  up  alongside  the  docks  of 
the  Great  Lakes  Engineering  Works  everything  was  in  readiness  for 
the  launching.  The  army  of  men  stationed  beneath  the  hull  of  the 
Meacham  to  drive  in  the  wedges  and  raise  the  boat  so  she  would  be 
supported  on  the  shoes  which  were  to  carry  her  down  the  wa^'s, 
promptly  began  their  work.  The  blows  in  rapid  succession  sounded 
like  a  battery  of  machine  guns.  When  at  last  the  eight  cables  hold- 
ing in  place  the  eight  timber  triggers  which  retained  the  boat  at  the 
top  of  the  ways  were  severed  simultaneously  by  eight  axemen,  the 
hull  slid  gracefully  into  the  water. 

The  launching  was  arranged  to  occur  at  the  time  of  this  meeting 
through  the  untiring  efforts  of  Mr.  Antonio  C.  Pessano,  member  of  the 
Detroit  local  committee,  and  president  and  general  manager  of  the 
Great  Lakes  Engineering  Works.  The  date  of  the  launching  had 
been  advanced  two  weeks  in  order  to  have  it  occur  at  the  time  of  the 
meeting,  which  had  necessitated  night  and  day  work  to  make  every- 
thing in  readiness. 

It  was  the  49th  launching  at  the  Great  Lakes  Engineering  Works 
and  Mr.  Pessano  pronounced  it  the  best  one  of  them  all. 

On  the  return  from  the  launching  a  view  was  had  of  a  section  of  the 
Detroit  tunnel  as  it  lay  near  the  shore,  preparatory  to  sinking  it  to  the 
bed  of  the  river. 

OTHER  SOCIAL  FEATURES 

The  excursion  on  Friday  afternoon  on  the  steamer  Britannia,  tend- 
ered by  the  Detroit,  Belle  Isle  and  Windsor  Ferry  Company,  through 
Mr.  F.  E.  Kirby,  member  of  the  Detroit  local  committee,  was  the  im- 
portant social  event,  and  consisted  of  a  sail  to  and  from  Bois  Bluiic 
Island,  with  a  fine  dinner  on  the  island  at  the  Casino.     The  real  bene- 
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fits  to  be  derived  from  a  convention  were  most  completely  secured  on 
this  delightful  trip,  where  each  member  had  an  opportunity  to  ex- 
change experiences  with  others. 

The  Detroit  ladies  in  charge  of  the  entertainment  of  the  visiting 
ladies  had  something  in  store  for  every  moment.  A  luncheon  with  a 
most  tempting  menu  was  served  at  Belle  Isle  Park  and  the  visitors  were 
entertained  at  the  country  club,  by  automobile  trips  and  in  other 
ways.  The  enthusiasm  of  the  ladies  over  the  cordial  reception  which 
they  received  was  so  great  that  special  resolutions  were  passed  by 
them  expressing  their  appreciation,  in  addition  to  those  passed  by  the 
Society  itself  at  the  final  session.  Part  of  the  success  of  this  meet- 
ing was  due  to  the  large  attendance  of  ladies,  about  80  being  present, 
which  is  the  largest  number  ever  present  at  any  meeting  away  from 
New  York. 

Much  interest  was  shown  by  the  members  in  the  various  manufac- 
turing plants  of  the  city,  and  particularly  the  automobile  plants,  which 
many  took  occasion  to  visit. 

APPENDIX 

ELECTIONS  TO  MEMBERSHIP 

The  following  were  declared  elected  to  membership  in  the  Societ}'- 
upon  the  ballot  of  June  25,  1908,  and  their  election  reported  at  the 
Detroit  meeting. 


Andersen,  J.  M.,  Boston,  Mass.  Greth,  J.  C.  William,  Pittsburgh,  Pa* 

Back,  John  R.,  Worcester,  Mass.  Henney,  David,  New  York. 

Basshor,  Chas.  H.,  Baltimore,  Md.  Herbert,  J.  Stanley,  Nazareth,  Pa. 

Beckstrand,   E.   H.,   Salt  Lake  City,  Howard,  O.  Z.,  Annapolis,  Md. 

Utah.  Hughes,  B.  S.,  Hamilton,  O. 

Benton*  Greo.  H.,  Metuchen,  N.  J.  Hughes,  R.  G.,  Paterson,  N.  J. 

Brown,  Herman  Elisha,  Kingston,  N.Y.  Jewett,  Frank  N.,  Chicago,  111. 

Browning,  V.  R.,  Cleveland,  O.  Johnson,  Chas.  W.,  Pittsburgh,  Pa. 

Burton,  Isaac  Francis,  Philadelphia  Pa.  Junghans,  E.  K.,  St.  Croix,  D.  W.  I. 

Carpenter,  Harold  Eugene,  New  York.  Kellogg,  Alfred  S.,  Waverly,  Mass. 

Chalkley,  H.  G.,  Lake  Charles,  La.  Kroto,  George,  New  York. 

Clark,  Herbert  H.,  Los  Angeles^  Cal.  McDougall,  A.  H.,  Harvey,  111. 

Cox,  Frederick  W.,  E.  Pittsburgh,  Pa.  Martin,  Mack,  Pullman,  Wash. 

Dodge,  A.  C,  Chicago,  111.  Mellor,  Hiram  L.,  Lawrence,  Mass. 

Dunlap,  Thaddeus  Cox,  Columbus,  O.  Miller,  H.  G.,  Keokuk,  la. 

Ferrier,  Walter,  Donora,  Pa.  Munson,  E.  G.,  Utica,  N.  Y. 

Gildersleeve,    David    H.,    West    New  O'Neil,  J.  F.,  St.  Louis,  Mo. 

Brighton,  N.  Y.  Osborne,  C.  T.,  New  York. 

Gill,  Lester  Willis,  Kingston,  Ont.  Pharr,  Eugene  A.,  Morgan  City,  La. 
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Pickop,  G.  B.,  New  Britain,  Conn. 
Pomeroy,  Wm.  D.,  Seneca  Falls,  N.  Y. 
Poultney,  J.  L,,  Philadelphia,  Pa. 
PoweD,  W.  H.,  Norwood,  Ohio. 
Rathbun,  Edward,  New  York. 
Rowe,  George  F.,  Mispec,  N.  B.,  Can. 
Schmidt,  Edward  C,  Urbana,  111. 
Takeo,  T.,  Tokyo,  Japan. 


Taylor,  Frank  H.,  New  York. 
Thomason,  L.  S.,  Brooklyn,  N.  Y. 
Walker,  P.  F.,  Lawrence,  Kan. 
Whiteford,  James   Forbes,   Albuquer- 
que, New  Mexico. 
Wilson,  D wight  B.,  Denver,  Colo. 
Wright,  W.  Q.,  San  F.ancisco,  Cal. 
Wynkoop,  H.  S.,  Brooklyn,  N.  Y. 


PROMOTION    TO   MEMBERS 


Angus,  Robert  William,  Toronto,  Ont. 
B&raes,  Charles  Ballou,  Chicago,  111. 
C  ain,  J.  J.,  Quincy,  Mass. 
DeLancey,  Darragh,  Waterbury,  Conn. 
Gould,  Norman  J.,  Seneca  Falls,  N.  Y. 
Gri  fiths,  L.  L.,  Bedford,  Ind. 
HutsoD,  Henry  L.,  Houston,  Texas. 
Kerr,  E.  W.,  Baton  Rouge.  La. 


Lucke,  Charles  Edward,  New  York. 
Mixter,  G.  W.,  Moline,  111. 
Ode,  Randolph  T.,  Providence,  R.  I. 
Smith.  Ernest  L.,  Canton,  Ohio. 
Terry,  C.  D.,  Kewanee,  111. 
Turner,  Wm.  P.,  Lafayette,  Ind. 
Wile,  Julius  I.,  Rochester,  N.  Y. 
Young,  John  T.,  Muskegon,  Mich. 


ASSOCIATES 


.Mexander,  Edw.  E.,  Lake  view,  N.  J. 
Beecher,  J.  F.,  Syracuse,  N.  Y. 
Blumgardt,  Isaac  Edwin,  Norfolk,  Va. 
Clark,  Walter  R.,  Bridgeport.  Conn. 
Cloudsley,  David  B.,  Buffalo,  N.  Y. 
Cunningham,  Charles  G.,  Yonkers,  N.Y. 
Figee,  Wm.  F.,  New  York. 
Harter,  I.,  Jr.,  Barbe  ton,  Ohio. 
Hendee.  Edward  Thomas,  Chicago,  111. 
Housum,  Chenoweth,  Youngstown,  O. 
Lee.  E.  E.,  Culebra,  C.  Z.,  Panama. 


McBane,  W.  W.,  Youngstown,  (). 
Martin,  H.  A.,  Dayton,  O. 
Monks.  A.  G.,  Boston,  Mass. 
Myers,  ComeUus  T.,  Corliss,  Wis. 
Newcomb,  C.  L.,  Jr.,  San  Franci8Co,Cal. 
Ould,  J.  G.,  Brooklyn,  N.  Y. 
Pratt,  James  Alfred,  Brooklyn,  N.  Y. 
Taylor,  C.  H.,  High  Bridge,  N.  J. 
Tyler,  Willard  Curtis,  London,  Eng. 
Vincent,  J.  G.,  Detroit,  Mich. 
Wilson,  A.  H.,  Boston,  Mass. 


PROMOTION   TO   ASSOCIATES 

Michel,  Arthur  Eugene,  New  York.  Richmond,  Julian,  New  York. 


JUNIORS 


Adams.  W.  H..  Brooklyn,  N.  Y. 
Barrows,  Lee  E.,  Olean.  N.  Y. 
Brown,  D.  S.,  Dayton,  O. 
Burgess,  E.  W.,  Har  ford.  Conn. 
Chapman,  David  Albert,  Boston,  Mass. 
Coon,  Thurlow  E..  Paterson,  N.J. 
Hlia.  W.  T.,  West  Raleigh,  N.  C. 
Epple,  Edward  C,  New  York. 
Faber,  John  P.,  Dunellen,  N.  J. 
Fesaenden,  E.  A.,  Columbia.  Mo. 
Freeman,  Perry  J.,  Philadelphia,  Pa. 


Fulweiler,  J.  E.,  New  York. 
Giele,  Walter  S.,  Myerstown,  Pa. 
Graver,  A.  M.,  E.  (Chicago,  Ind. 
Hayes,  J.  Howard,  Cambridge,  Mass. 
Henderson,  Nelson  H.,  Syracuse,  N.Y. 
Hill,  E.  L.,  Worcester.  Mass. 
Hodgson,  Walter  B.,  Athens,  Ga. 
Ivens,  Edmimd  M.,  New  Orleans,  La. 
Jennings,  I.  C,  South  Norwalk,  Conn. 
Kirkup,  Jos.  P..  New  York. 
Lambie.  J.  M..  Charleroi,  Pa. 
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Lawrence  Howard  F.,  Louisville,  Ky. 
Leopsinger,  A.  J.,  Providence,  R.  I. 
McDewell,  H.  S.,  Brookline,  Mass. 
Marquis,  F.  W.,  Urbana,  111. 
Maraoli,  Luigi,  Palazzolo,  S.  O.,  Italy. 
Millett,  Kenneth  B.,  New  York. 
Nichols,  Thomas  A.,  Detroit,  Mich. 
Fade,  Max,  Brooklyn,  N.  Y. 
Patterson,  E.  C,  Chattanooga,  Tenn. 
Pleasonton,  F.  R.,  Roslindale,  Mass. 
Ricketts,  Edwin  B.,  New  York. 
Rogers,  Robt.  W.,  New  York. 
«  Sague,  S.  R.,  Cleveland,  O. 


Setchell,  John  E.,  New  York. 
Shields,  W.  Dickinson,  Edgeworth,  Pa. 
Smith,  W.  E.,  College  Comer,  O. 
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HOISTING  AND  CONVEYING  MACHINERY 

INTERMITTENT  TYPE  OF  APPARATUS 

Bt  George  E.  Titcomb,  Philadelphia 
Non-Member 

The  development  of  modem  hoisting  and  conveying  machinery 
is  an  interesting  subject  from  an  economic,  as  well  as  an  engineering 
standpoint.  In  1907  there  were  taken  from  the  ranges  adjacent  to 
Lake  Superior  and  transported  to  furnaces  in  the  Pittsburg  and 
Ohio  district  42  000  000  tons  of  iron  ore.  Following  the  same  route 
but  in  the  opposite  direction,  there  were  mined  in  Pennsylvania, 
Ohio,  and  elsewhere  17  000  000  tons  of  anthracite  and  bituminous 
coal,  and  shipped  to  the  Northwest,  the  vessels  loading  usually  at  the 
same  ports  at  which  they  discharged  their  cargoes.  The  labor  cost 
of  transferring  such  great  quantities  of  these  materials  between  vessels 
and  cars  has  become  an  important  consideration,  and  in  some  respects 
the  time  spent  in  loading  and  imloading  the  vessels  costs  more. 

CARGO   STEAMERS   AND   LOADING   WHARVES   ON   GREAT   LAKES 

2  Eflforts  to  secure  economical  handling  have  developed  machinery 
combining  mechanical  simplicity  with  great  capacity  and  economy, 
and  have  made  possible  the  steamers  of  special  design  now  engaged  in 
this  business,  and  the  lowest  freight  rates  known  in  the  world.  Many 
of  the  modem  vessels  engaged  in  this  trade  have  a  length  of  570  ft., 
abeam  of  58  ft.,  and  a  draught  of  18  ft.,  and  are  provided  with  hatches 
spaced  12  ft.  centers.  When  these  hatches  are  removed  the  cargo  is 
practically  uncovered  and  can  be  unloaded,  with  little  or  no  hand 
labor  being  necessary  for  trimming.  The  ore  coming  in  cars  from 
the  mines  is  shipped  from  about  thirty-two  large  wharves  at  ports 
on  LaTce  Superior  and  Lake  Michigan.  Some  of  these  piers  are  2000 
ft.  long,  with  tracks  arranged  so  that  four  large  steamers  can  take 
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on  cargo  at  once.  The  ore  is  run  directly  into  the  holds  from  the 
cars  or  storage  pockets,  and  carried  by  gravity  through  chutes  which 
are  lowered  into  the  hatches. 

ORE  UNLOADING  MACHINERY  ON  GREAT  LAKES 

3  In  unloading  ore  from  lake  vessels,  on  account  of  the  difficulty 
and  cost  of  shoveling  by  hand,  three  modem  types  of  machinery  for 
performing  this  work,  practically  without  manual  labor,  have  been 
installed.  The  first  is  the  Hulett  automatic  ore  unloader  shown  by 
Rg.  1.  This  machine  operates  a  self-filling  bucket  of  large  capacity 
mounted  at  the  end  of  a  rotating  vertical  leg;  the  bucket  having  suffi- 
cient spread  to  reach  more  than  half  way  from  the  center  of  one  hatch 
to  the  center  of  another.  It  also  travels  lengthwise  of  the  hatch  to 
the  sides  of  the  boat,  and,  consequently,  commands  a  large  percentage 
of  the  cargo.  The  bucket  is  closed  and  removed  from  the  hold  under 
the  control  of  an  operator  located  in  the  lower  end  of  the  leg  where 
he  has  an  unobstructed  view  of  the  cargo  and  vessel.  The  bucket 
discharges  its  contents  into  a  bucket-car  for  delivery  to  railroad  cars 
located  under  the  gantry  of  the  machine  for  shipment  to  blast  fur- 
naces, or  it  may  be  drawn  out  to  the  end  of  the  cantilever  and  dumped 
so  as  to  form  a  pile  to  permit  re-handling  by  buckets  to  storage 
pfle. 

4  Other  types  of  machines  used  for  this  purpose  are  shown  by  Fig. 
3,  a  Hoover  A  Mason  unloading  and  storage  plant,  and  Fig.  4,  a 
Brown  Hoisting  Machinery  Co.'s  unloader  and  storage  bridge.  On 
these  machines,  the  bucket,  instead  of  being  fixed  at  the  end  of  a  verti- 
cal leg,  is  rope-suspended  from  a  hinged  cantilever  over  the  vessel,  and 
is  operated  by  a  man-troUey  provided  with  means  for  rotating  it  when 
in  the  hold,  so  as  to  more  completely  command  the  cargo,  or  to  remove 
the  bucket  from  the  boat  and  deliver  its  contents  either  into  cars 
under  the  gantry,  or  onto  stock  pile.  From  the  latter  it  is  handled 
by  a  similar  bucket,  but  of  larger  capacity,  mounted  on  a  movable 
bridge  tramway  provided  with  double  cantilevers,  as  shown  by  Fig.  5. 
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ORE   STOCKING   MACHINERY   AT  FURNACES 

5  The  iron  ore  received  in  cars  at  the  blast  furnaces  is  discharged 
by  means  of  car  dumping  machines,  or  through  the  bottomJ!of  the 
cars  into  track  hoppers,  or  taken  directly  from  the  cars  by  the  self- 
filling  bucket  with  which  the  machines  are  equipped,  as  shown  by 
Fig.  6.  This  machine  is  electrically  operated  and  its  bucket,  which 
holds  5  tons,  has  a  hoisting  speed  of  300  ft.  per  min.and^a  trolley  speed 
of  800  per  min.,  and  an  average  capacity,  for  one  hour,  of  sixty  trips 
from  track  hopper  to  stock  pile,  or  from  stock  pile  back  to  cars.  For 
moving  the  bridge  back  and  forth  over  the  stock  yard,  power-driven 
mechanism  is  provided  to  operate  it  along  its  tracks  at  the  rate  of  100 
ft.  per  min. 

ANTHRACITE   COAL  STORAGE   MACHINERY 

6  Anthracite  coal,  owing  to  the  fluctuations  in  demand  and  pro- 
duction, is  stored  in  large  quantities  between  mine  and  market, 
making  possible  continuous,  instead  of  spasmodic  working  of  the 
mines,  and  also  providing  convenient  bases  of  supply.  A  prominent 
installation  is  shown  by  Fig.  7,  a  general  view  of  a  modern  plant  of 
the  "Dodge  System.*'  The  immense  quantity,  over  480  000  tons, 
is  divided  into  eight  separate  piles,  each  pile  having  a  capacity  in 
excess  of  60  000  tons.  The  standard  machine  for  storing  the  coal, 
which  is  received  from  the  mines  in  cars,  consists  essentially  of  a 
chain  and  flight  conveyor  supported  by  a  shear  truss,  constituting  a 
trimming  machine  which  piles  the  coal  without  breakage,  delivering  it 
upon  the  ground  or  at  the  ascending  apex  of  a  conical  pile  as  it  is 
formed. 

7  The  reloading  of  the  coal  is  begun  by  a  pivoted  open-side  con- 
veyor which  runs  on  circular  ground-level  tracks  extending  between 
and  over  the  area  to  be  covered  by  the  piles.  This  conveyor  works 
against  the  edge  of  the  pile,  as  shown  by  Fig.  8,  and  follows  up  this 
receding  edge  as  the  coal  is  removed;  it  is  operated  by  power  and  is  so 
devised  as  to  be  fully  under  the  control  of  one  man.  All  of  the  coal  is 
tributary  to  the  reloading  conveyors  and  is  carried  without  interme- 
diate transfer  up  the  incline  to  a  reloadingtower  (asshown  in  the  back- 
ground of  Fig.  7),  where  it  can  be  delivered  either  directly  into  cars, 
or  screened  and  then  delivered  into  cars. 

8  In  detail  the  "Dodge  System"  as  usually  applied  to'open  air 
storage  on  leveled  ground  consists  of  two  trimming  machines  and  the 
pivoted  ground  conveyor  which  travels  radially  between  them,  form- 
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ing  one  unit  or  group.  A  coal  storage  plant  consists  of  a  num- 
ber of  these  groups,  which  may  be  of  equal  or  varied  capacities.  The 
shear  trusses  are  fixed  to  correspond  with  the  angle  of  repose  of  the 
coal, — the  front  truss  of  each  group,  i.  e.,  the  truss  adjacent  to  the 
track-hopper  or  receiving-point,  containing  the  conveyor.  This 
conveyor  runs  in  a  trough  having  for  a  bottom  a  continuous  steel 
ribbon  about  12  in.  wide,  which  is  wound  upon  a  drum  at  the  foot 


FiQ,  8    Pivoted  Open  Side  Conveyor  for  Reloading  Coal 

of  the  truss,  and  is  paid  out  only  as  demanded  by  the  formation  of  the 
pile;  this  feature  provides  a  gentle  discharge  of  the  coal  and  prevents 
breakage. 

9  Modifications  of  the  standard  "  Dodge  System"  have  been  made 
to  meet  local  conditions;  hill-side  storage  has  been  increased  by  mount- 
ing the  trimmer-conveyors  on  cantilever  trusses,  so  as  to  command 
fully  the  storage  area  after  the  initial  and  comparatively  small 
gravity  capacity  has  been  reached.     Where  a  continuous  pile  of 
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mmmum  capacity  is  needed,  a  traveling  trimmer  is  used,  supported 
at  the  foot  on  a  power-driven  truck,  and  at  the  head  on  a  column-sup- 
ported track.  StQcking  out,  or  storing,  is  accomplished  as  in  the 
standard  group  plant,  the  reloading  machine  being  of  the  traversing, 
instead  of  pivotal  t3rpe.  In  the  plant  shown  by  Fig.  0  two  of  these 
oiachines  are  employed — one  on  each  side  of  the  storage  area — and 
deliyer  to  flight  conveyors  running  in  and  towards  the  middle  of  an 
underground  tunnel  which  is  laid  parallel  to  the  traverse  of  the  trim- 
mer. From  these  flight  conveyors  the  coal  is  delivered  to  a  bucket 
ooDveyor,  placed  at  right  angles  to  them,  which  carries  to  a  reloading 
tower  for  car  delivery. 

10  Application  of  the  anthracite  storage  machinery  covers  suc- 
cessfully the  requirements  of  water-front  delivery.  At  the  plant 
shown  by  Fig.  10  the  coal  is  received  altogether  by  boat  and  is 
unloaded  by  means  of  automatic  buckets,  which  serve  a  conveyor  of 
large  capacity,  terminating  in  a  central  tower,  from  which  chutes  dis- 
tribute to  the  trimmer  conveyors.  Reloading  is  similar  to  that  of 
the  inland  storage  plants. 

COVERED    ANTHRACITE   STORAGE 

11  Where  climatic  severity  makes  covering  of  the  coal  necessary 
the  "Dodge  System"  has  been  found  especially  adapted  to  the  con- 
ditions governing  location  and  transportation  facilities.  A  promi- 
nent installation  of  this  kind  employs  a  circular  building  with  trussed 
dome-shaped  roof.  The  coal  is  brought  to  the  dock  by  boat,  and 
unloaded  by  steeple  tower  hoist,  from  which  it  is  spouted  by  gravity 
to  the  chute  of  the  trimmer  conveyor.  The  construction  of  the  trim- 
mer permits  it  to  be  mounted  on  one  of  the  roof  trusses  of  the  build- 
ing. The  reloading  from  pile  is  effected  by  means  of  the  pivotal 
reloader  which  commands  the  inner  circumference  of  the  building, 
and  delivers  through  floor  openings  to  a  flighted  chain  conveyor  run- 
ning, horizontally  in  a  tunnel,  from  a  position  beneath  the  center  of  the 
pile  to  a  point  outside  the  building.  From  here  it  rises  on  an  incline 
to  the  reloading  tower  from  which  its  discharge  is  transferred  through 
screening  chutes  to  cars.  No  exterior  bracing  is  required  for  these 
buildings,  as  they  are  strengthened  against  bursting  pressure  from 
the  mass  of  coal  by  a  continuous  circular  bulk-head  which  is  sup- 
ported free  of  the  floor  by  anchor  bolts  extending  inwardly  from  the 
I-beam  posts  of  the  annular  wall. 

12  Another  type  of  covered  storage  plant  is  shown  by  Fig.  11,  in 
which  the  housed  area  is  of  rectangular  form,  the  building  being 
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divided  to  store  equal  quantities  of  egg,  stove,  and  nut  coal,  the 
aggregate  capacity  footing  up  to  100  000  tons.  The  equipment  con- 
sists of  three  standard  "  Dodge"  trimming  conveyors  for  stocking  the 
coal;  three  open-top  carriers,  running  in  underground  tunnels,  for 
reloading;  three  reloading  towers  provided  with  screens;  three  grav- 
ity-discharge transfer  conveyors;  and  three  screenings  conveyors. 
The  three  trimmer  conveyors  and  three  transfer  conveyors,  or  three 
reloading  conveyors  and  three  transfer  conveyors,  can  be  operated 
simultaneously.  Each  machine  handles  1500  net  tons  per  day  of 
ten  hours. 

13  Another  water-front  storage  plant  of  the  covered  type  is 
illustrated  by  Fig.  12  and  13.  Here  the  coal  is  unloaded  from  vessels 
by  steeple  towers,  and  discharged  into  a  wharf  conveyor,  carrying 
on  its  upper  and  lower  run,  and  which  transfers  to  reversible  flight 
conveyors  for  delivery  to  storage  building.  Movable  ribbon  troughs 
permit  gradual  discharge  and  eliminate  breakage.  Direct  re-ship- 
ment from  storage,  or  from  the  storage  conveyors,  is  effected  by 
another  reversible  flight  conveyor  which  serves  a  shipping  pocket. 
To  reload  from  storage,  the  desired  size  of  coal  may  be  drawn  from 
underneath  the  pile  through  chutes  to  conveyors  running  lengthwise 
of  the  building,  and  which  discharge  into  the  conveyor  serving  the 
shipping  pocket.  Coal  tributary  to  this  conveyor  may  be  fed  direct 
to  it.  From  the  shipping  pocket  coal  is  conveyed  to  box  cars  served 
by  a  Smith  box  car  loader.  Screenings  are  automatically  discharged 
to  a  conveying  and  elevating  system  which  commands  a  3000  ton 
screenings  storage  building.  From  this  point  they  are  sized  and  loaded 
into  box  cars  in  the  same  manner  as  from  the  size-coal  shipping 
pocket. 

14  The  power  plant  for  a  "Dodge  System*'  installation  may 
include  steam  or  electrical  equipment,  the  generating  outfit  compris- 
ing a  central  unit  from  which  distribution  may  be  effected  through  a 
piping  or  wiring  system  to  convenient  points  for  direct  operation. 
The  equipment  of  the  large  plant,  shown  by  Fig.  7,  includes  four  16 
in.  by  20  in.  150  h.p.  engines  so  located  that  one  engine  drives  the 
machinery  of  each  two-pile  group.  In  a  240  000-ton  plant  which  is 
nearing  completion,  two  225  h.p.  alternating  current,  440-volt, 
25-cycle,  3-phase  motors  drive  the  machinery  of  the  60  000-ton  piles, 
while  that  of  the  30  000  ton  piles  is  controlled  by  motors  of  150  h.p. 

15  The  capacity  of  the  plants  erected  under  the  "  Dodge  System" 
aggregates  a  total  of  about  5  000  000  tons.  While  official  figures  are 
not  obtainable  for  publication,  it  is  guaranteed  that  the  labor  cost  of 
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either  stocking  out  or  reloading  on  an  active  plant  will  not  exceed  four 
cents  per  ton. 

BITUMINOUS   COAL  STORAGE   MACHINERY 

Bituminous  coal  is  generally  handled  by  three  methods. 

16  (a)  A  Robins  Conveying  Belt  Co.'s  stocking  and  reclaiming 
machine,  Fig.  14,  consists  of  a  lateral-traveling  bridge  tramway 
spanning  the  storage  area,  the  coal  being  supplied  by  a  feeding  con- 
veyor nmning  parallel  to  the  storage  area,  and  delivered  to  the  stor- 
age pile  by  a  belt  conveyor  equipped  with  an  automatic  tripper.  The 
coal  is  reclaimed  by  a  counterweighted  self-filling  bucket  and  delivered 
to  the  longitudinal  feeding  conveyor  for  transmission  to  the  point  of 
consumption. 

17  (6)  Another  type  of  machine  used  for  this  purpose  is  the  J.  M. 
Dodge  Company  rotating  bridge  tramway  shown  by  Fig.  15.  This 
machine  has  a  span  of  280  ft.,  and  commands  a  circular  storage  pile 
of  100  000  toils,  the  coal  being  piled  30  ft.  in  depth.  The  inner  end  of 
the  bridge  is  pivoted  and  the  outer  end  is  supported  on  structural  steel 
legs  resting  on  power-driven  trucks,  which  travel  on  a  semi-circular 
track  at  the  rate  of  200  ft.  per  min.  The  tramway  is  equipped  with  a 
self-filUng  bucket  of  four  tons  capacity,  and  the  entire  operation  of 
the  bridge  is  controlled  by  one  man.  The  coal  is  dumped  from  rail- 
road cars  into  a  track  hopper  pit  located  imder  the  center  of  rotation 
of  the  bridge.  The  bucket,  which  travels  on  a  track  on  the  bridge, 
lifts  the  coal  from  this  pit  through  the  open  center  of  the  turntable 
at  a  speed  of  300  ft.  per  min.  and  trolleys  it  at  a  speed  of  1000  ft.  per 
min.  for  discharge  to  the  storage  pile.  The  coal  is  reclaimed  by  the 
bucket,  delivered  to  a  receiving  hopper  placed  tmder  its  path,  and 
carried  by  means  of  conveyors  or  cars  to  the  point  of  consumption. 
The  machine  is  electrically  operated,  the  bucket  being  hoisted  by 
means  of  one  200  h.p.  motor  and  trolleyed  by  one  100  h.p.  motor. 
Rotation  is  effected  by  the  trucks  located  on  the  outer  legs  and  oper- 
ated by  two  motors  of  30  h.p.  each. 

18  The  cost  of  handling  coal  for  the  first  nine  months  of  1906 
with  this  machine  was  as  follows: 
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Renewals 

Month 

Houn  in  opeiation 

Tons 

Labor 

Material 

Jan. 

100  at  43  cents 

5  210 

$43.50 

$135.43 

Feb. 

80  at  43  cents 

4  740 

64.86 

0.00 

Mat. 

100  at  43  cents 

6  210 

62.87 

140.51 

April 

210  at  43  cents 

13  800 

36.83 

35.36 

Mmj 

130  at  43  cents 

7  710 

65.56 

171.06 

JJUM 

36  at  43  cents 

1  710 

66.75 

0.00 

July 

204  at  43  cents 

12  340 

26.36 

24.22 

Aa«. 

148  at  43  cents 

7  980 

67.27 

223.64 

Sept. 

71  at  43  cents 

3  780 

60.87 

0.00 

Summarized^  this  gives  the  following: 

Labor  cost,  handling  coal $0.0073  per  ton. 

Labor  cost  for  renewals 0.0069    "     " 

Cost  of  renewals  in  material 0.0116    "     " 

Total 0.0258   "     " 

19  (c)  For  storing  from  6000  to  40  000  tons  of  coal  a  long-radius 
J.  M.  Dodge  Company  locomotive  crane  is  used.  This  machine  runs 
on  a  circular  track  around  a  central  track-hopper  into  which  the  coal 
is  dumped  from  railroad  cars,  as  shown  by  Fig.  16.  The  coal  is  taken 
from  this  pit  by  a  self-filling  bucket  and  delivered  to  the  storage  pile, 
which  when  fuU  assumes  the  outline  shown  in  the  plan.  (See  Fig.  17.) 
When  reloading,  the  coal  is  taken  from  the  pile  by  the  bucket,  and 
delivered  into  cars  or  carts. 

STORAGE  FOR  LOCOMOTIVE  COALING   STATIONS 

20  Railroads  also  employ  this  type  of  crane  for  handling  and  stor- 
ing coal  for  their  locomotive  coaling  stations.  These  machines  are 
steam-operated,  and  are  equipped  with  a  2-ton  self-filling  bucket 
operated  at  80  ft.  radius.  The  coal  is  taken  from  the  track-hoppers 
and  delivered  to  storage,  and  from  storage  to  a  pocket  fitted  with 
chutes  for  coaling  six  locomotives  simultaneously. 

The  cost  of  operating  the  plant  referred  to  for  the  month  of  De- 
cember, 1907,  was  as  follows: 

Tots^  cost  of  labor  for  unloading  cars,  operating  cranes, 

^and  switching  service,  also  repairs,  fuel,  and  supplies,  $451.96 

Total  tons  of  coal  in  storage  on  first  day  of  month  ....  38  717 

Tons  of  coal  stored  during  the  month 725 

Cost  to  handle  per  ton $0.0529 
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Tons  of  coal  delivered  to  engines,   9624 

Cost  per  ton  to  handle,  $0.0429 

Tons  of  coal  reloaded  for  shipment, none 

Tons  of  coal  in  storage  on  last  day  of  month, 35  574 

Tons  of  coal  handled  during  the  month, 10  349 

Average  cost  per  ton  to  handle, S0.0437 

Number  of  hours  operated, 210 

Tons  of  coal  handled  per  hour, 49.28 


FiQ.  18    Adjustable  Chute  for  Loading  Vessels 
MACHINERY  FOR   LOADING   COAL  INTO   VESSELS 

21  On  the  Atlantic  seaboard  bituminous  and  anthracite  coal 
is  loaded  in  a  large  number  of  instances  through  the  same  t3rpe  of 
pocket  as  that  used  for  loading  iron  ore  at  Lake  Superior  ports, 
except  that  special  devices,  as  shown  by  Fig.  18,  are  provided  for 
reducing  the  breakage  of  coal  between  the  car  and  the  vessel.    The 
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Fig.  19    Cab  Unloading  Maohinb 
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coal  coming  from  the  Eastern  and  Middle  States  in  cars  to  shipping 
ports  on  Lake  Erie  is  delivered  to  vessels  by  car  unloading  machines 
similar  in  design  to  that  shown  by  Fig.  19.  This  machine  is  arranged 
to  take  cars  of  any  size  or  capacity  found  in  the  trade,  elevate,  over- 
turn, and  deliver  the  contents  through  a  telescopic  chute  into  the 
hold  of  the  vessel,  and  return  the  cars  to  the  railroad  system. 

Maximum  number  of  cars  handled  in  one  hour,  32. 

''    tons        ''  a         a         a      •  iQgg. 

Best  record  of  loading  vessel  "Zenith  City,"  130  cars,  or  4240 
tons,  in  4^  hours.     Average,  29  cars,  or  942  tons  per  hour. 

MACHINERY  FOR   UNLOADING   COAL  FROM   VESSELS 

22  The  coal  on  arrival  at  the  upper  lake  ports  is  unloaded  in  a 
variety  of  ways,  depending  upon  the  character  of  the  coal,  the  pur- 
pose for  which  it  is  intended,  and  the  local  conditions.  A  typical 
plant  constructed  by  The  Mead-Morrison  Mfg.  Co.  is  shown  by  Fig.  20. 
This  plant  consists  of  a  rectangular  storage  wharf,  on  the  water  side 
of  which,  traveling  on  an  elevated  trestle,  are  three  unloading 
machines  equipped  with  self-filling  buckets.  Coal  is  unloaded  by 
these  machines  and  automatically  delivered  to  a  system  of  elevated 
cable  cars  running  under  the  unloading  towers  and  over  continuous 
shipping  pockets  located  on  the  center  line  of  the  property;  or,  if  the 
coal  is  intended  for  storage,  they  are  diverted  to  a  traveling  bridge 
and  discharged  onto  the  storage  area.  To  reload  the  coal  a  shovel- 
bucket,  with  which  the  traveling  bridge  is  equipped,  is  used  to  deliver 
directly  into  the  pockets  or  to  the  cable  cars  for  discharge  along  the 
line  of  the  pockets. 

23  Another  type — the  J .  M .  Dodge  coal  storage  plant  shown  by  Fig. 
21.  This  plant  is  designed  to  avoid  breakage  as  much  as  possible, 
and  consists  of  three  traversing  bridge  tramways  commanding  a 
storage  of  250  000  tons  of  bituminous  coal.  The  bridges  are  supple- 
mented by  two  revolving  locomotive  cranes,  two  movable  screening 
towers,  and  two  box  car  loaders.  The  coal  is  unloaded  from  vessels  by 
self-filling  buckets  of  3-tohs  capacity,  and  is  delivered  directly  to 
st6rage,  or  through  reloading  hoppers,  on  front  tower  of  tramways 
to  cars  for  reshipment.  Transfer  from  storage  to  cars  is  accomplished 
by  similar  bucket  delivery  to  the  reloading  hoppers. 

24  When  size-coal  shipments  are  desired,  coal  is  taken  from  vessels 
or  storage  by  bridge  tramway  or  crane  to  the  movable  screening  towwrs, 
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Fig.    20    Machinbrt  for  UNLOADiNo  Coal  from  Vesseib 
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from  which  it  is  delivered  to  box  cars  alongside.  Slack  coal  screened 
from  size-coal  shipments  is  automatically  discharged  into  cars,  or 
conveyed  to  slack  storage,  from  which  the  cranes  deliver  to  the  mov- 
able screening  towers  for  box  car  delivery  as  needed.  Delivery  to  box 
cars,  as  noted,  is  facilitated  in  all  cases  by  box-car  loading  machines 
of  the  Ottumwa  type,  operated  by  100  h.p.  motors.  All  of  the 
machinery  is  controlled  and  operated  by  means  of  alternating  current 
apparatus. 

25  A  novel  distributing  system  delivers  the  3-phase,  440-volt, 
25-cycle  alternating  current  by  means  of  a  series  of  contact  posts, 
which  in  no  way  obstruct  free  passage  of  men  or  of  material  on  the 
wharf.  The  bridge  tramways  have  a  total  length  of  506  ft.,  composed 
of  a  main  span  of  295  ft.,  an  adjustable  boom  extension  of  75  ft.  over 
the  vessel,  and  a  rear  cantilever  extension  of  136  ft.  The  electrical 
equipment  of  each  tramway  consists  of  one  225  h.p.  motor  for 
operating  the  hoisting  machine,  and  two  75  h.p.  motors  for  trollejdng 
the  bucket  and  moving  the  bridge  along  the  dock.  The  complete 
operation  of  each  bridge  is  controlled  by  one  man  from  either  of  two 
cabs — one  located  at  front  of  bridge  and  nearly  over  the  hatch  of 
the  vessel,  and  the  other  adjacent  to  the  rear  tower.  In  this  way  the 
operator's  view  is  unobstructed  whether  working  at  the  front  or  the 
back  of  the  wharf. 

26  A  comprehensive  description  of  the  screening  towers  would 
be  to  compare  them  to  traveling  mine  tipples.  Each  tower  is  equipped 
with  a  30-ton  hopper  for  receiving  run-of-mine  coal  from  the  self- 
filling  buckets  on  the  tramways  or  cranes.  The  hoppers  are  provided 
with  standard  screen  bars,  the  spacing  of  which  can  be  changed  at 
will.  An  elevator  and  conveyor  carry  the  screenings  across  the 
screening-tower  bridge  and  deposit  them  on  screening  pile  at  the  back 
end  of  the  wharf.  The  screened  coal  is  loaded  into  box  cars  by  the 
electrically-operated  box  car  loaders  referred  to  previously.  The 
cranes  have  a  gage  of  10  ft.,  and  a  maximum  radius — ^from  the 
center  of  rotation  to  the  center  of  the  bucket — of  45  ft.  The  traveling 
speed  of  each  crane  is  300  ft.  per  min.,  driven  by  75  h.p.  motor,  and 
the  hoisting  speed,  250  ft.  per  min. 

27  This  plant  has  the  following  record  of  performance:  During 
the  month  of  October  1907,  the  three  bridge  tramways  unloaded  from 
vessels  and  discharged  85  266  tons  in  239  hours.  In  handling  this 
tonnage  the  buckets  made  34  933  trips,  one-half  the'coal  being  lowered 
very  carefully  to  the  wharf.  A  round  trip  from  the  center  of  the 
vessel  over  a  traveled  distance  of  270  ft.  and  return  was  made  in  45 


Digitized  by  VjOOQIC 


HOISTING   AND   CONVEYING   MACHINERY 


149 


Digitized  by  VjOOQIC 


150 


HOISTING    AND   CONVEYING   MACHINERY 


Digitized  by  VjOOQIC 


HOISTING   AND  CONVBTINO  MACHINERY  151 

seconds.  In  one  hour  one  bridge  made  100  round  trips  from  vessel 
to  front  of  storage  pile.  The  three  bridges  made  822  trips  in  693 
minutes,  and  disposed  of  a  cargo  of  10  500  tons  in  26  hours. 

28  Another  type  of  coal  unloader,  as  shown  by  Fig.  22,  is  made  by 
the  C.  W.  Hunt  Co.  This  plant  has  five  unloading  towers  fitted  with 
parabolic  booms  which  handle  two-ton  shovels.  There  are  27 
automatic  railway  tracks  to  carry  the  coal  from  the  storage  sheds. 

VARIATIONS  IN   DESIGN — ^FREIGHT  HANDLING 

29  Machines  similar  to  those  in  use  for  unloading  ore  at  Lake 
Erie  ports  are  also  suitable  for  handling  general  merchandise  between 
ears  and  ships.  The  J.  M.  Dodge  Company,  direct  unloading 
machine  shown  by  Fig.  23  has  two  independent  tracks,  one  of  which 
is  equipped  with  hoisting  mechanism,  for  handling  general  mer- 
chandise, and  the  other  with  a  self-filling  bucket  for  handling  bulk 
material.  This  machine  is  electrically-operated  by  means  of  alternat- 
ing current. 

The  hoisting  speed  of  a  10-ton  load  is     150  ft.  per  min. 

a  a  a      u  ^^^^       «       «  300     "         "         " 

The  hoisting  speed  of  1-ton  clam-shell 

bucket  is  300  "«  « 

The  troUeying  speed  of  any  load  is  500  «       «  « 

The  traversing  speed  of  unloader  is  50  "      "  " 

The  control  of  the  motors  is  such  that  any  load  from  an  empty 
hanging-block  to  the  maximum  load  of  ten  tons,  can  be  operated  at 
any  required  speed. 

30  Fig.  24  shows  a  man-trolley  similar  to  those  used  for  unloading 
iron  ore  from  vessels,  the  construction  of  the  trolley  being  such  that 
it  passes  freely  around  curves  and  over  switches.  These  machines 
&re  used  for  handling  materials  at  blast  furnaces,  and  freight  in 
large  industrial  plants.  They  may  have  a  hoisting  speed  of  150 
ft  per  min.,  and  a  trolley  speed  of  1000  ft.  per  min.  The  man-troUey 
type  of  machine  also  operates  on  cableways  of  long  span.  The  towers 
of  the  cableway  are  inclined  to  the  horizontal,  and  provided  with 
counterweights.  The  self -filling  bucket,  used  in  all  cases  where  it  is 
desirable  to  handle  the  material  with  the  least  possible  hand  labor,  has 
been  applied  to  traveling  cableways. 

31  Another  type  of  apparatus  for  handling  and  transporting 
materials  of  various  kinds  is  the  familiar  suspended  cableway.    The 
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use  of  suspended  cables  for  supporting  the  bucket  makes  it  possible 
to  construct  machines  of  long  span  economically. 

32  For  installations  where  the  quantities  to  be  handled  are  not 
great,  revolving  locomotive  cranes  with  self-filling  buckets  are  used 
to  take  the  material  from  vessels  or  cars,  and  deliver  it  into  storage 
or  cars. 

33  The  following  gives  the  performance  of  two  Dodge  Coal 
Storage  Co.,  standard-gage  revolving  locomotive  electric  cranes: 

Material  handled — crushed  rock,  f  in.  to  2  in.  mixed. 

Bucket,  1  cu.  yd.,  clam-shell. 

Radius  of  crane,  35  ft. 

Siase  of  motor,  50  h.p.,  d.c,  500  volts. 

Crane  No.  1,  from  car  to  pile:  Average  capacity  for  ten  minutes, 

16  buckets. 
Crane  No.  2,  car  to  street  railway  car:  Average  capacity: — 20 

buckets  in  20  minutes. 
Maximum  rate — ^two  buckets  in  one  minute. 
Buckets  filled  to  seven-eighths  capacity. 

Note — ^The  discussion  on  this  paper  and  the  author's  closure  are  published 
under  ''Discussion  on  the  Conveying  of  Materials."  No.  1195  in  this  volume. 

— Editor 
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CONTINUOUS  CONVEYING  OF  MATERIALS 

By  Staunton  B.  Peck,  Chicago,  III. 
Member  of  the  Society 

CHAIN   CONVEYORS 

The  manufacture  of  conveying  machinery,  and  its  adaptation  to 
the  various  industries,  dates  from  the  year  1880,  when  a  company  was 
incorporated  for  manufacturing  and  developing  such  machinery. 
This  company  was  organized  by  the  manufacturers  of  the  Ewart 
detachable  link  belt  in  response  to  the  demand  for  these  links  with 
attachments  to  which  pushers  or  buckets  could  be  fastened,  and  to 
requests  for  advice  about  their  utilization  for  all  sorts  of  conveying 
purposes. 

2  Although  the  development  of  this  class  of  machinery  began 
nearly  30  years  ago,  there  is  scarcely  any  literature  on  the  subject 
outside  of  trade  catalogues  and  comparatively  few  industries  follow 
such  uniform  methods,  or  handle  materials  in  such  quantities,  as  to 
have  developed  standard  designs  for  their  conveying  equipment, 
figures  upon  economies  effected  have  not  been  kept  to  the  extent 
they  should  have  been.  Managers  of  industrial  plants  are  generally 
satisfied  with  the  apparent  fact  that  there  is  a  material  saving  and 
do  not  take  the  trouble  to  ascertain  just  how  much  this  is,  or  whether 
it  might  not  be  greatly  increased  by  the  use  of  conveyors  of  improved 
construction. 

3  This  lack  of  information  has  given  first  cost  an  altogether 
unwarrantable  importance  in  determining  the  character  of  installa- 
tions of  this  kind.  The  initial  cost  should  always  be  given  its  due 
consideration,  but  should  not  be  used  as  a  cloak  for  ignorance. 
Unfortimately  a  very  large  proportion  of  conveying  plants  are,  from 
the  nature  of  their  service,  very  dirty  and  so  located  that  investiga- 
tion is  conducted  with  more  or  less  discomfort,  but  this  should  not 

Vretented  at  the  Detroit  Meeting  (June  1908)  of  The  AmericaD  Society  of 
MeefaaDical  Engineers. 
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deter  engineers  from  such  investigation.  The  infinite  variety  of  phys- 
ical characteristics  presented  by  materials  handled  indicates  in  itself 
the  likelihood  of  wide  variations  in  the  designs  of  conveying  machin- 


FiG.  1    Conveyor  with  Slidinq  Wearing  Shoes 


Fig.  2  Fio.  3 

Fig    2    Roller  Flight  Conveyor 
Fig.  3    Reversible  Fught  Conveyor 


ery  to  meet  these  conditions,  and  the  necessity  for  careful  examina- 
tion of  both  design  and  details  of  construction  by  the  engineer  who 
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is  called  upon  to  decide  between  different  plans  that  may  be  submit- 
ted to  him. 

4  The  development  of  the  conveying  art  has  been  greatly  assisted 
by  the  industrial  consolidations  of  the  last  seven  or  eight  years. 
These  have  increased  the  raw  and  manufactured  products  of  existing 
plants  and  have  led  to  the  building  of  new  plants  of  such  size  that  the 
economical  handling  of  materials  in  process  has  wisely  been  considered 
from  the  outset  and  has  had  its  determining  influence  on  the  plan  as 
a  whole.  It  is  with  such  initial  consideration,  and  in  such  plants, 
that  the  conveying  art  has  reached  its  highest  development  and 
effected  its  greatest  saving.     In  the  discussion  which  follows  some  of 


FiQ.  4    Bucket  Conveyor  with  Rigid  Buckets 

the  types  of  conveyors  are  considered  which  have  proved  most  effi- 
cient and  are  in  most  general  use. 

5  Conveyors  for  the  continuous  handling  of  materials  may  be 
divided  into  two  general  classes: 

a  Those  which  push  or  pull  their  load,  the  weight  of  the  load 
not  being  borne  by  the  moving  parts  of  the  conveyor. 
b  Those  which  actually  carry  the  material  handled. 

6  Conveyors  of  the  first  class  push  or  pull  the  material  handled 
along  in  a  trough.    The  friction  of  the  conveyor  itself  and  the  mate- 
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rial  conveyed  on  the  trough  consume  power  and  cause  wear.  Hence 
the  field  of  usefulness  of  conveyors  of  this  type  is  confined  to  relatively 
small  conveyors  with  light  service;  or  in  the  larger  installations,  to 
the  handling  of  materials  with  a  low  coefficient  of  friction  and  which 
are  not  abrasive  in  their  action,  such  as  coal,  grain,  etc. 


Fia.  5    SpraAL  Co>nrEYOR 

7  One  of  the  oldest  forms,  which,  from  its  simplicity  and  compara- 
tively low  first  cost  is  still  one  of  the  most  extensively  used,  consists 
merely  of  an  endless  chain  to  which  are  attached  at  intervals  scrapers 
or  flights.  The  improved  forms  of  this  conveyor,  now  most  generally 
used,  have  sliding  shoes  or  rollers  attached  to  the  flights  or  the  chains. 


Fia#  6    Spiral^Conveyor  and  Trouoh 

supported  on  runways.  The  flights  are  allowed  to  come  very  close 
to  the  trough  bottom,  but  not  actually  in  contact  with  it,  thus  reduc- 
ing the  friction  upon  the  trough  to  that  of  the  material  conveyed  only. 
Fig.  1,  2,  and  3  illustrate  conveyors  of  this  type,  the  rollers  in  Fig.  3 
being  an  integral  part  of  the  chains. 
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TABLE  1    CONVEYING  CAPACITIES  OF  FLIGHT  CONVEYORS 
in  tons  (2000  lb.)  of  oo*l  per  hour  at  100  ft.  per  min. 


HOBUOMTiJL 

] 

[NOLnCSD 

Kn  or  ruGBT 

Spaced 

lb. 

lOdeg. 
24  in. 

20deg. 
24  in. 

SOdeg. 
24  in. 

16  in. 

18  in. 

24  in. 

perflisht 

4  by  10 

33f 

30 

22i 

16 

18 

14i 

10* 

4  by  12 

421 

38 

28i 

10 

24 

18 

13* 

5  by  12 

61* 

46 

34i 

23 

28i 

22J 

16i 

5  by  16 

69f 

62  • 

46i 

31 

40i 

3U 

22* 

6  by  18 

80 

60 

40 

49i 

40i 

31* 

8  by  18 

120 

90 

60 

72 

67 

48 

8by20 

106 

70 

84 

66i 

66 

8by24 

136 

00 

120 

06 

72 

10  by  24 

172J 

116 

160 

120 

00 

8  The  horse  power  required  handling  anthracite  coal,  may  be 
determined  from  the  following  formula;  this  taking  no  account  of 
gearing  or  other  driving  connections. 

Hv  =  ATL  +  BWS 
'^'  1000 

T  =  net  tons  per  hour. 
L  =  length  center  to  center  in  feet. 
W  =  weight,  chain  and  flights  (both  runs)  in  pounds. 
S  =  speed  per  minute  in  feet. 
A  and  B  are  constants  depending  on  inclination  from  horizontal, 
taken  from  Table  2. 

TABLE  2 

Hor.    6  deg.  10  deg.  15  deg.     20  deg.   26  deg.  30  deg.  36  deg.  40  deg.  46  deg. 

i 0.343    0.42    0.60    0.585      0.66      0.73  0.79      0.85      0.90  0.946 

B 0.01      0.01    0.01    0.01        0.009    0.009  0.009    0.008    0.008  0.007 

9  The  common  working  speeds  are  from  100  ft.  to  200  ft.  per  min. 
and  the  capacities  are  as  shown  by  the  following  table,  these  con- 
veyors in  some  cases  handling  upwards  of  five  hundred  tons  per  hour. 
Fig.  4  shows  a  modification  of  a  conveyor  of  the  general  con- 
struction of  Fig.  3,  in  which  the  flights  are  given  the  form  of  buckets. 
With  this  type  the  material  will  fall  back  into  the  buckets  when  the 
conveyor  makes  an  upward  turn  and  thus  be  elevated.  On  the  turn- 
ing of  the  conveyor  again  into  a  horizontal  path,  Fig.  4,  the  material 
partially  flows  out  into  the  horizontal  trough,  whence  it  may  be  con- 
veyed to  the  desired  point  of  discharge.  As  this  device  combines  in 
one  machine  the  ability  to  handle  material  horizontally  and  vertically, 
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it  has  a  wide  field  of  usefulness,  limited  by  the  disadvantages  already 
referred  to  as  incident  to  all  conveyors  drawing  material  along  in  a 
trough. 

TABLE  3    CAPACrriES  OF  GRAVPTY  DISCHARGE  ELEVATOR  CONVEYORS 
in  tona  of  ooal  per  hour  at  100  ft.  permin. 


BUCKKT 

18  in. 

SPACIMa 

24  in.         •;           36  in. 

1 

Length    and    width    in 
inches 

48  in. 

12  by  12 

31.0 

23.5 

15.5 

11.7 

16  by  12 

41.3 

31.3 

20.5 

15.6 

16  by  15 

61.4 

46.6 

30.7 

23.3 

20  by  15 

78.0 

59.0 

39.0 

29.5 

24  by  15 

91.0 

69.0 

45.5 

34.5 

20  by  20 

138.0 

09.0 

24  by  20 

166.0 

82.5 

30  by  20 

206.0 

103.0 

36  by  20 

248.0 

124.0 

30  by  24 

220.0 

145.0 

110.0 

36  by  24 

262.0 

173.0 

131.0 

48  by  24 

350.0 

232.0 

176.0 

TABLE  4    HORSE  POWER  OF  ELEVATOR  CONVEYORS 


BUB  or  BUCKET 

18  in. 

12  by  12 

1             1 
24  in.  1 

1 

in. 
36  in. 

24  by  15  in. 

36  by  20  in. 

48  by  24  in. 

Spacing 

18  in.  24  in.  36  in. 

1 

18  m. 

1 

24  in  36  in. 

48in. 

H.p.  for  each  10  ft.  vert, 
lift 

0.46 

1 
1  0.35  1 

0.23 

1 

1 

1           t 
1.36  1   1.0  ,  0.67 

1 

1 
3.8 

1.9      3.6 

2-7 

H.p.  for  each  100  ft.  hor. 
fonpty. 

1.2 
,     2.5 

i 
1.1 
2.1   1 

2.6 

1 

0.9 
1.5 
1.9 

1  ■ 
1.7        1.6        1.3 

6.3  i  4.3        3.1 

7.4        5.8      4.2 

12.4 

>18 

1.6 

Do  handling  anthracite. . 
Do  handling  bituminous. 

6.6 
9.4 

Add  5  per  cent  for  each  turn. 


SPIRAL   CONVEYOR 


10    The  screw  or  spiral  conveyor  has  a  great  advantage,  aside  from 
relatively  low  first  cost,  in  its  compactness  and  the  small  space  it 
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oecupiee,  adapting  it  to  conditions  where  the  conveyors  have  to  be 
placed  in  a  trench  beneath  the  floor  or  where  the  maintenance  of  head 
room  is  an  object.  The  conveyor  consists  of  a  steel  ribbon  wound 
spirally  about  a  shaft  revolving  in  a  trough  which  it  fits  approxi- 
mately, the  spiral  being  interrupted  for  a  space  of  two  or  three  inches 
at  intervals  of  eight  or  ten  feet  to  permit  the  support  of  the  shaft  by 
hangers.  In  the  smaller  diameters — up  to  12  in.  or  16  in. — the  spiral 
fits  cl(»e  to  the  shaft.  In  the  larger  sizes,  running  up  to  as  much  as 
3  ft  or  more  in  diameter,  the  spiral  is  a  comparatively  narrow  ribbon 
attached  to  the  shaft  by  occasional  studs.  (Fig.  5.)  The  depth  of 
material  that  it  is  practicable  to  convey  is  approximately  one-third 
of  the  diameter  of  the  screw. 

11  Spiral  conveyors,  like  all  scraper  conveyors,  are  costly  of 
maintenance  when  handling  gritty  materials,  and  in  this  case  heavy 
cast  iron  sectional  and  renewable  flights  are  used  running  in  a  cast 
iron  trough  with  hangers  having  white  iron  bushings.  It  is  considered 
good  practice  under  these  conditions  to  make  the  box  in  which  the 
conveyor  runs  of  a  size  considerably  larger  than  the  conveyor,  letting 
the  material  form  its  own  trough.  On  account  of  the  torsional  strain 
on  the  shaft,  screw  conveyors  are  not  very  generally  used  for  lengths 
exceeding  about  100  ft.,  though  where  the  service  is  exceptionally  easy 
like  the  handling  of  grain  or  cotton  seed,  this  length  may  be  greatly 
exceeded.  The  following  table  gives  a  fair  idea  of  the  conveying 
capacities: 

Tablb  5    CAPAcrnss  or  Spiral  Convetobs  in  Cubic  Febt  op  Material 

CONVSTBD  PER  HoUR,  AT  100  R.P.M. 

Diam.  6  in.  8  in.        10  in.        12  in.        14  in.        16  in.        18  in. 

Cap.  260  660  1000  1660  2500  3660  5000 

Capacity  in  lb.  per  min.  times  length  in  ft.  by  C 
•  P*  "  33  000 

0.67  for  coal 
C  is  a  constant  and  equals     0.33  for  grain 

1.00  for  ashes 

12  Still  another  conveyor,  which  operates  without  the  aid  of  a 
chain,  anS  like  the  screw  conveyor  has  the  advantage  of  occupying 
but  little  space,  is  shown  by  Fig.  7  and  8.  The  flights  are  here 
attached  by  hinged  connection  to  a  bar  or  frame  to  which  is  given  a 
reciprocating  motion.     On  the  forward  stroke  the  flights  push  the 
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material  ahead,  and  on  tlie  backward  fold  up  over  it  by  means  of  the 
hinge.  The  moving  frame  is  carried  by  rollers  and  the  stroke  or 
amount  of  forward  travel  is  usually  from  2  ft.  to  4  ft.  This  conveyor 
has  been  used  principally  in  the  handling  of  sand  and  materials  that 
would  cause  too  much  wear  of  a  screw  conveyor. 

13  The  foregoing  conveyors  handle  for  the  most  part  material 
in  bulk.  Conveyors  of  this  class,  where  the  flight  takes  the  form  of  a 
projecting  spur,  pusher  or  hook,  are  widely  used  for  log  hauls  and  car 
hauls,  and  also  to  some  extent  for  packages  and  boxes,  either  hori- 
zontally or  at  an  inclination.  Such  conveyors  put  in  beneath  the 
floor  and  with  the  pushers  projecting  through  a  narrow  slot  in  the 
floor  have  been  very  serviceable  in  the  handling  of  trucks  in  ware- 
houses and  manufacturing  establishments. 


FlO.  7      RliCIPBOCATINO  CONYBTOR 
BELT  CONVEYORS 

14  The  general  class  of  conveyors  designated  in  the  beginning  as 
Class  6  which  carry  their  load,  have  the  more  universal  adaptation 
to  varying  requirements.  Of  these  the  conveying  belt  is  one  of  the 
oldest  and  still  most  useful.  To  a  limited  extent,  and  for  very  light 
service,  the  belt  may  be  supported  by  a  trough;  but  almost  univers- 
ally it  is  carried  by  rollers  spaced  on  the  carrying  run  from  2  ft.  6  in. 
to  5  ft.  apart,  and  at  intervals  usually  twice  as  great  or  more  on  the 
idle  run.  The  earliest  conveying  belts  were  perfectly  flat,  being  sup- 
ported by  plain  cylindrical  rollers  such  as  are  still  used  for  the  return- 
ing run.  In  order  to  increase  the  conveying  capacity  without  the 
material  spilling  off  the  edges  of  the  belt,  the  rollers  were  somewhat 
dished,  or  made  concave  in  form,  causing  the  belt  to  assume  the  form 
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of  a  shallow  trough.  In  theory  this  is  open  to  the  criticism  that  but 
one  diameter  of  the  concave  roller  can  travel  at  the  speed  of  the  belt, 
and  some  slipping  must,  therefore,  take  place  at  every  other  diameter 
of  the  periphery.  Careful  observations  have  shown,  however,  that 
the  belts  invariably  fail  in  other  ways  before  any  injury  from  this 
slipping  becomes  apparent. 

16  Before  this  fact  was  demonstrated,  however,  a  supporting 
device,  consisting  of  three  independent  rollers,  the  middle  one  hori- 
zontal and  the  side  rollers  inclined  some  35  deg.  or  40  deg.  came  into 
very  general  use,  this  arrangement  giving  the  belt  the  form  of  a  deep 
trough,  and  adding  greatly  to  its  carrying  capacity. 

16  Further  modification  of  this  was  the  substitution  of  two 
iDclined  center  idlers  for  the  one  horizontal  idler.  This,  while  giving  a 
relatively  deep  trough,  overcame  the  sharp  bends  in  the  belt  incident 


Fio.  8    RvruRN  MovmniNT,  Fliqhtb  Dbflbctbd 

to  the  three  roll  support,  and  permitted  the  belt  to  assume  a  uniform 
curve.  For  belts  of  large  capacity  the  four  roll  idler  may,  therefore, 
be  considered  the  best  modem  practice.  For  smaller  belts  and  mod- 
erate capacities,  there  is  nothing  better  than  the  old  concave  roller 
referred  to,  which  troughs  the  belt  but  slightly,  and,  therefore, 
insures  the  greatest  durability. 

17  The  conveying  belts  themselves  are  of  cotton  duck,  woven 
soUd;  or  of  a  number  of  plies  var3dng  from  three  to  eight,  stitched  or 
cemented  together  with  a  composition  of  rubber,  and  known  as  rubber 
belts.  Canvas  belts  are  plain  duck,  or  treated  with  some  preserva- 
tive and  painted  with  similar  compound.  For  many  kinds  of  service 
they  meet  every  requirement.  For  severer  duty,  where  the  cotton 
fabric,  which  is  the  strength  of  the  belt,  must  be  protected  as  perfectly 
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as  possible  from  dust,  moisture,and  cutting  or  wearing  action,  the 
rubber  belts  are  preferable,  and  are  usually  made  with  a  cushion  of 
from  A  in.  to  J  in.  more  or  less  pure  rubber  on  the  canying  side, 
which  protects  the  fabric  until  this  cushion  is  worn  away.  Special 
types  of  belts  have  been  extensively  used,  some  having  fewer  plies 
of  canvas  and  a  heavier  cushion  of  rubber  in  the  center  where  the 
belt  is  designed  to  receive  and  carry  its  heaviest  load,  and  others  hav- 
ing the  fabric  made  thinner  at  the  points  where  it  is  intended  the  belt 
should  be  bent  to  form  a  trough.  Experience  seems  to  show  that 
the  greatest  durability  is  attained  by  avoiding  a  localized  bending. 


Fig.  9    Recent  Types  or  Roller  Support 

18  The  belt  conveyor  has  a  wide  field  of  usefulness  and  is  deservedly 
popular  both  with  manufacturer  and  user.  It  is  simple,  smooth'and 
noiseless  in  operation,  may  be  run  at  relatively  high  speeds,  from  300 
ft.  to  800  ft.  per  minute — with  consequent  large  conveying  capacity. 
On  account  of  the  expense  of  the  belt,  and  the  large  number  of  sup- 
porting rollers  which  revolve  at  high  speed,  the  initial  cost  and  the 
power  consumed  in  operation  are  much  greater  than  would  be  sup- 
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posed,  and  not  materially  less  than  heavier  and  more  cumbrous  look- 
ing conveyors  of  other  types  performing  equivalent  service. 

19  The  most  serious  objection  to  belt  conveyors,  and  the  one  which 
has  prevented  their  even  more  general  use,  is  the  lack  of  durability  of 
the  belts,  their  liability  to  destruction  from  accidental  causes,  and 
the  expense  of  their  frequent  renewal.  Their  average  life  probably 
does  not  exceed  two  to  three  years,  in  spite  of  the  fact  that  there  are 
many  individual  instances  where  they  have  given  much  longer  service. 

20  A  iFurther  objection  is  the  diflSculty^of  delivering  at  inter- 
mediate points,  which  is  accomplished  through  the  medium  of  a  rather 


^ 


^ ^ 


y_ 


^ 


Fig.  10    Sections  Showing  Forms  of  Platform  Conveyors 

cumbrous  and  slow  moving  discharger.  For  filling  long  bins,  how- 
ever, a  discharger  is  now  used  which  travels  slowly  back  and  forth 
the  length  of  the  conveyor,  its  movement  being  automatically 
reversed  at  the  ends  of  its  path. 

APRON   AND    BUCKET   CONVEYORS 

21  The  most  elementary  form  of  link  or  chain  belt  conveyor  approxi- 
DJating'most  nearly^the  belt,  consists  of  flat  steel  or  wooden  slats 
attached  between  two  chains,  forming  a  continuous  platform  or 
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apron.  The  diagrams  in  Fig.  10  show  successive  modifications  of 
this  until  the  overlapping  gravity  bucket  carrier  is  reached.  Fig.  1 1 
shows  a  plain,  flat-top,  steel  apron.  Where  the  slats  are  bent  in 
arcs  of  the  diameter  of  the  head  wheels,  in  passing  around  these 
wheels  the  scraper  or  chute  may  be  placed  close  to  the  apron,  thus 


FiQ.  11    Endless  Apron 

adapting  it  to  handle  such  sticky  materials  as  clay,  sugar,  etc. 
In  Fig.  12  the  carrying  slats  are  beaded  at  each  edge,  thus  greatly 
stiflfening  them  and  increasing  their  ability  to  carry  heavy  loads, 
while  the  overlapping  of  the  curved  edges  keeps  the  material  from 
sifting  through,  making  in  this  respect  these  carriers  the  equivalent 


Fia.  12    Beaded  Slats 

of  a  true  belt.  Fig.  13  shows  this  principle  of  construction  carried 
still  further,  forming  a  corrugated  apron,  the  elements  of  which  are 
almost  pan  shape;  and  in  Fig.  14  these  have  become  real  pans,  and  are 
adapted,  as  are  the  carriers  shown  by  the  two  preceding  figures,  to 
carrying  materials  horizontally  or  at  inclinations  of  25  deg.  to  30  deg., 
and  to  the  heaviest  loads. 
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22  None  of  these  carriers  are  designed  to  elevate  material  except 
at  an  inclination,  nor  can  they  discharge  except  at  the  end  of  their 
run  in  passing  around  the  sprocket  wheels.  Fig.  15  shows  a  still 
further  evolution,  this  carrier,  from  the  form  of  the  pans,  being  enabled 
to  convey  on  the  horizontal  run  and  also  ascend  vertically,  delivering 


Fio.  13    Apron  Carrier 

the  load  at  the  top  of  its  rise  as  it  passes  around  the  head  wheels. 
In  the  carrier  shown  by  Fig.  16  the  pans  or  buckets,  instead  of  being 
rigidly  attached  between  the  chains,  are  suspended  from  them  by 
trunnions,  thus  always  maintaining  their  horizontal  position  and  per- 
mitting them  to  carry  their  load  successively,  horizontally,  vertically, 
horizontally  again,  or  in  any  given  path  till  the  buckets  encounter 


yi--^.-. 


Fio.  14    Final  Dbvelopment  from  Apron  Type 

suitable  mechanism  for  tilting  and  discharging  them  at  as  many 
points  as  may  be  desired.  The  further  step  in  the  perfection  of  this 
type  of  carrier  was  the  addition  of  lips  to  the  buckets  which  overlap 
80  that  they  may  be  filled  without  spilling  between  them.  This  lap 
is  preferably  made  A-shaped  to  avoid  the  carrying  of  any  material  and 
its  spilling  at  the  comers  where  the  path  of  travel  changes,  and  the 
backets  separate. 
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23  The  overlapping  feature  makes  it  necessary,  in  order  that 
this  carrier  may  complete  its  path  without  the  effect  of  the  action 
of  gravity  being  interfered  with  by  the  locking  of  the  lips,  to  provide 
some  device  external  to  the  carrier  itself  to  reverse  the  lap  before 
it  starts  to  ascend,  unless  as  in  the  most  recent  form  of  carrier,  correct 
action  is  attained  by  suspending  the  buckets  from  extensions  of  the 
inner  chain  links  beyond  the  points  of  articulations,  as  in  Fig.  16.  By 
this  means  the  buckets  travel  through  a  longer  path  than  do  the  chains 
from  which  they  are  suspended,  when  passing  around  the  wheel  in 
starting  to  ascend,  and  thus  automatically  unlap  themselves.  Con- 
veyors of  this  character  are  usually  run  at  speeds  of  30  ft.  to  50  ft. 
per  min.,  and  where  they  are  equipped  with  self-oiling  rollers  of  6  in. 
to  8  in.  diameter  require  but  very  little  power  for  their  opeiation, 


Fig.  15    Rotary  Discharqe  Head 

aside  from  the  theoretical  power  actually  required  to  elevate  the 
material.  Table  8  shows  the  capacity  and  power  consumption  of 
five  carriers  of  this  type. 

24  Under  the  head  of  conveyors  which  carry  their  load  come 
those  which  lift  vertically  and  are  known  as  elevators.  The  most 
elementary  form  consists  of  one  or  two  endless  strands  of  link-belt, 
rubber  or  canvas  belt,  to  which  are  attached  at  intervals  buckets  or 
cups.  The  lower  wheels  are  carried  in  a  boot  into  which  the  material 
to  be  elevated  is  delivered,  and  in  passing  around  these  wheels  the 
buckets  scoop  up  their  load  throwing  it  out  upon  a  chute  by  centri- 
fugal force  as  they  pass  around  the  upper  or  head  wheel.  Friction 
encountered  in  pulling  through  the  material  in  the  boot  and  the  speed 
necessary  to  get  the  proper  centrifugal  effect  at  the  top  imposes  the 
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same  limits  of  usefulness  upon  this  form  of  elevator  as  upon  the  scraper 
conveyor. 

25  A  type  of  wider  adaptation  has  continuous  or  actually  over- 
lapping buckets,  as  shown  by  Fig.  17.  Here  the  material  may  be 
delivered  directly  into  the  buckets  and  in  passing  over  the  head  the 
front  of  each  forms  a  chute  for  the  material  in  the  next  following 
bucket,  so  that  but  little  centrifugal  action  is  required  and  the  speed 
may  be  slow.  The  most  modem  form  of  this  elevator  is  shown  by 
Fig.  18,  in  which  the  buckets  are  at  all  times  in  their  circuit  in  actual 
contact,  preventing  any  material  from  falling  between  them,  either 


FiQ.  16    Pivoted  Ovbrlappinq  Bucket  Carrisr 

at  the  feeding  or  delivery  points.  This  is  due  to  their  attachment 
between  their  chains  with  the  back  in  the  pitch  line,  so  that  in  passing 
*  around  the  wheels  they  assume  chordal  instead  of  tangential  positions, 
26  Several  of  the  types  of  conveyors  shown  may  be  intentionally 
or  accidentally  loaded  beyond  their  normal  working  capacity  for 
a  short  time  without  serious  results.  Those  which  elevate  as  well 
as  convey,  however,  are  definitely  limited  in  capacity  by  what  the 
buckets  can  actually  hold  without  spilling;  so  that  some  means  of 
regulating  the  supply  is  essential  to  well  designed  machines  of  this 
dass.    There  are  various  ways  of  doing  this.     Some  materials,  like 
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the  smaller  sizes  of  anthracite  coal;  grain,  sand;  etc.,  will  maintain  an 
even  flow  through  a  gate  opening  which  serves  to  regulate  the  amount. 


FiQ.  17    Continuous  Bucket  Elevator 


Fig.  18    Overlapping  Buckets 


For  the  smaller  sizes  of  soft  coal,  broken  stone,  and  kindred  materials, 
a  rotary  feeder  resembling  a  paddle  wheel,  usually  with  three  or  four 
compartments,  is  used,  as  in  Fig.  19 


Fig.  19    Rotary  Feeder 

27    For  the  more  coarsely  broken  materials,  such  as  the  larger 
sizes  of  coal,  and  particularly  mine-run  coal,  the  supply  is  regulated 
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by  a  feeding  belt  usually  of  the  type  shown  by  Fig.  12,  already  referred 
to,  or  by  the  reciprocating  plate  illustrated  in  Fig.  20.  Both  of 
these  devices  work  beneath  a  hopper  in  which  is  provided  an 
opening  of  sufficient  size  to  permit  the  passage  of  the  largest  pieces 
without  danger  of  blocking  the  opening,  the  size  of  this  being  entirely 
irrespective  of  the  quantity  of  material  it  is  desired  to  feed.  Both 
types  of  feeders  must  extend  beyond  the  natural  angle  of  flow  of  the 
material  through  the  opening,  which  thus  can  have  no  further  move- 
ment, except  as  imparted  to  it  by  the  forward  movement  of  the  feed- 
ing conveyor,  or  by  the  reciprocating  movement  of  the  plate. 

MERCHANDISE   CARRIERS 

28  The  foregoing  has  dealt  mainly  with  materials  handled  in 
bulk.  Many  of  the  same  devices  with  little  or  no  modification  will 
handle  materials  in  boxes,  bundles,  barrels  or  sacks.  To  avoid  injury 
to  the  packages,  they  are  usually  carried  on  moving  wooden  aprons 
attached  between  two  chains,  either  sliding  on  ways  or  with  rollers 


Fig.  20    Reciprocating  Feeder 

attached  if  the  carriers  are  heavy  ones.  Belt  conveyors  are  also 
very  successfully  used  for  light  loads  and  boxes  may  be  conveyed 
long  distances  by  running  over  a  succession  of  small  rollers  set  in 
frames  inclined  about  f  in.  per  foot,  gravity  supplying  the  conveying 
force. 

29  Packages  and  barrels  are  elevated  by  fingers,  arms,  or  cradles 
projecting  from  the  chains,  arranged  to  deliver  over  the  head,  or  of 
special  design  that  may  be  tripped  and  deposit  their  load  at  inter- 
mediate floors!  The  most  useful  form  of  elevator,  however,  has  sus- 
pended trays  pivoted  between  two  chains  and  free  to  maintain. 
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their  horizontal  position  xinder  the  influence  of  gravity.  These  trays 
have  carrying  fingers  which  intermesh  with  corresponding  fingers 
interposed  in  the  path  of  the  tray  at  the  loading  points,  and  from 
which  they  automatically  pick  up  their  load,  depositing  it  automati- 
cally on  similar  intermeshing  fingers  interposed  in  their  descending 
path  at  the  floor  where  delivery  is  required.  This  form  of  elevator 
is  shown  by  Fig.  21 ;  it  may  follow  any  prescribed  path,  horizontally 
or  vertically. 


Fio.  21    Fbbioht  and  Packaob  Elevator 

CHAINS 

30  Inasmuch  as  chains  are  an  important  element  in  most  of  the 
devices  under  discussion,  some  brief  reference  should  be  made  to 
them.  Every  common  type  has  been  used  for  conveying  purposes, 
and  great  ingenuity  has  been  displayed  in  developing  special  forms. 
The  present  tendency,  as  might  be  expected,  is  towards  the  use  of 
fewer  types,  which  have  demonstrated  their  fitness  for  their  particular 
duty.  For  the  conveyors  and  elevators  of  lighter  service,  the  Ewart 
Link-Belt  still  prevails,  or  its  equivalent  in  malleable  chains  with 
closed  ends  and  pin  connection.  For  double  strand  service,  where  the 
chains   are  supported,  they  are  made  with  rollers,  as  in  Fig.    22, 
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which  shows  an  approved  form.    The  rollers  also  serve  to  reduce 
wear  on  sprocket  wheel  tooth. 

31  Fig.  23  is  a  type  of  chain,  which,  running  in  a  trough,  acts  as  a 
conveyor  without  any  attachments,  a  modification  of  this  having  short 
wings  cast  integral  with  and  projecting  from  the  side  bars,  so  as  to 
increase  the  width  and  conveying  capacity.     These  chains  are  buried 


Fig.  22    Roller  Chain 

in  the  material  conveyed  and  move  it  along  bodily,  up  to  a  depth 
where  the  friction  on  the  trough  sides  would  become  so  great  that  the 
chain  would  pull  through  the  mass  instead  of  moving  it. 

32  Fig.  24  is  a  chain  long  used  in  two,  three,  four  or  more  parallel 
strands  for  handling  logs,  bales,  barrels,  etc.,  the  chains  merely  sliding, 
and  themselves  forming  the  complete  conveyor. 

33  For  long  runs  and  heavy  duty,  cable  chains  have  been  used, 
on  account  of  their  strength.     It  is  not  easy,  however,  to  attach  any- 


Fio.  23    Sawdust  Chain 

thing  to  them,  nor  does  the  ordinary  pocket  or  rag  wheel  prove  satis- 
factory or  durable  for  driving.  To  meet  both  of  these  objections,  the 
Dodge  chain,  Fig.  25,  was  devised,  the  bearing  block  interposed 
between  the  links  at  their  articulation  affording  ample  driving  con- 
tact for  sprocket  tooth,  and  when  cast  with  various  attachment  wings, 
providing  convenient  fastening  for  flights,  etc.    This  chain  also  has 
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the  advantage  of  permitting  turns  in  both  horizontal  and  vertical  plane 
in  the  same  conveyor. 

34  To  a  limited  extent  effort  has  been  made,  particularly  in  long 
conveyors,  to  take  advantage  of  the  great  strength  with  relative 
lightness  of  the  steel  cable,  as  a  means  for  conveying,  small  cast  blocks 
being  clamped  to  it  at  intervals  to  engage  the  sprocket  teeth  and  carry 
the  flights.  The  lack  of  durability  of  the  small  individual  outer  strands 
of  the  cable,  and  the  heavy  tension  under  which  it  has  to  be  run  to 
avoid  kinking,  are  disadvantages  that  have  made  its  use  quite  limited. 


Transfer  Chain,  Detacbablb 


35  The  "Monobar''  chain.  Fig.  26,  has  some  of  the  advantages 
and  avoids  some  of  the  objections  to  the  cable.  It  is  made  up  of 
round  steel  bars  of  high  tensile  strength,  with  malleable  iron  connec- 
tions or  sockets,  providing  a  large  articulating  surface. 

36  Fig.  27  and  28  illustrate  a  successful  type  of  chain  designed 
to  handle  such  gritty  materials  as  ashes,  coke,  cement,  clinker,  etc. 
Here  the  articulation  takes  place  between  a  pin  and  bushing,  both 
case-hardened  and  both  renewable.  The  bushing  on  the  outside  b 
encased  by  a  sleeve  which  protects  it  from  contact  with  the  sprocket 


Fig.  25    Dodqb  Chain 

tooth,  and  by  making  this  a  rolling  contact,  reduces  wear  on  both 
chain  and  tooth  to  the  minimum. 

37  Chains  made  up  of  steel  stamped  links,  with  riveted  or  pin 
connection  have  the  widest  use.  Where  their  duty'is'severe,  and  the 
holes  in  the  links,  as  well  as  the  pins,  would  be  destroyed  by  the  pres- 
sure on  the  articulating  surfaces  in  passing  around  the  sprocket 
wheels,  the  inner  pair  of  links  is  connected  together  by  a  rigid  bush- 
ing and  the  pin  held  rigidly  in  one  or  both  of  the  outer  pair  of  links. 
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All  relative  movement,  therefore,  must  take  place  between  the  pin  and 
the  bushing,  and  a  large  bearing  surface  is  thus  obtained,  without 
any  wear  coming  upon  the  links  themselves.  Fig.  29  shows  a  typical 
chain  joint  of  this  kind. 

38    The  Maximum  chain,  Fig.  30,  represents,  perhaps,  the  highest 
development  of  a  chain  designed  merely  for  conveying  purposes. 


Fio.  26    MoNOBAR  Chain 

Here  it  will  be  seen  that  both  outer  and  inner  links  have  a  bearing 
upon  the  pin  for  the  full  width  of  the  chain,  and  it  being  unnecessary 
to  secure  the  pin  to  either  set  of  links,  it  is  free  to  roll  to  a  greater  or 
less  extent  each  time  the  chain  turns  around  the  wheels.  This  seems 
to  have  a  densifying  rather  than  wearing  effect  on  the  pin,  and  always 
keeps  it  perfectly  round.  In  chains  of  this  type  it  is  not  unusual  to 
find  the  pins  highly  polished  after  considerable  use. 

APPLICATIONS  OP   CONVEYORS 

39  As  bearing  on  the  uses  of  conveyors  and  the  economy  that  may 
be  effected,  several  different  applications  of  conveyors  will  be  discussed 
and  certain  installations  referred  to. 


FiQ.  27  AND  28    Chain  for  Gritty  Materials 

40  The  simplest  application  is  merely  to  save  labor  expense  in 
transporting  material  between  given  points.  A  conveyor.  Fig.  31, 
handUng  700  lb.  glucose  barrels  from  refinery  to  wharf  450  ft.  distant, 
actually  effects  a  very  great  economy — the  cost  of  this  installation, 
some  $3000,  being  saved  in  approximately  three  months.     As  this 
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was  installed  some  years  ago  the  first  cost  would  be  much  greater 
today,  but  the  proportionate  increase  in  the  cost  of  labor  would  make 
its  showing  equally  good. 

41  Short  conveyors  similar  to  the  above  are  used  to  handle  mer- 
chandise between  vessels  and  warehouse,  being  hinged  at  the  ware- 
house floor  level,  so  that  they  may  be  inclined  upward  or  downward, 
according  to  the  position  of  ports  of  the  vessel,  at  any  stage.  The 
purpose  of  such  an  installation  is  to  aid  labor  rather  than  displace  it. 
Nevertheless  these  conveyors  are  incidentally  money-savers.  Four  of 
them  operating  in  pairs  running  in  alternate  directions,  each  110  ft. 
long,  saved  their  first  cost,  approximating  $16  000  in  one  year  of  use. 


Fig.  29    Special  Chain  Joint 


Fig.  30    Maximum  Chain 


42  Elevating  and  conveying  devices  have  an  extended  use  as  an 
adjunct  to  special  processes  where  the  mere  conveying  function  is 
secondary.  Illustrations  of  this  are  conveyors  which,  at  slow  speed, 
carry  ores  through  roasting  furnaces,  plate  glass  and  glass  ware  through 
annealing  ovens,  and  various  products  through  drying,  steaming, 
or  sterilizing  chambers  and  tanks.  Materials  are  also  conveyed  for 
the  purpose  of  giving  them  time  to  cool,  and  slow  moving  apron  or 
platform  carriers  are  utilized  for  the  sorting  and  picking  of  ore  and 
coal,  and  ^or  filling,  sealing,  and  labeling  canned  and  bottled  goods. 

43  The  broader  and  more  intelligent  use  of  conveying  machinery 
which  brings  it  directly  within  the  province  of  the  engineer,  is  where 
in  addition  to  its  primary  purpose,  it  determines  or  modifies  the  charac- 
ter of  a  plant.     The  accepted  type  of  modern  power  house  with  large 
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storage  bins  above  the  boilers,  from  whicii  tiie  coal  is  drawn  by  spouts 
to  mechanical  stokers,  is  made  possible  by  the  conveyor  which  receives 
the  coal  from  cars,  boats,  or  wagons,  outside  the  building,  elevates 
and  distributes  it  in  the  overhead  bin;  and  into  the  returning  run  of 
which  in  the  basement,  when  not  handling  coal,  the  ashes  may  be 
drawn  from  hoppers  beneath  the  boilers  and  elevated  to  overhead 
pockets,  whence  they  may  be  drawn  as  convenient.  In  such  boiler 
rooms  no  coal  or  ashes  are  visible,  and  the  same  cleanliness  may  be 
maintained  as  in  the  engine  room. 


Fio.  31    Freight  Carrier 

44  The  pivoted  bucket  carrier,  to  which  attention  has  been  called, 
has  for  a  number  of  years  been  practically  regarded  as  standard  for 
Uiis  purpose,  in  the  majority  of  cases  handling  both  coal  and  ashes, 
but  in  some  large  power  houses  coal  only,  the  ashes  being  taken  care  of 
by  a  second  carrier,  or  by  some  other  means.  While  ashes  are  a  much 
more  destructive  material  to  handle  than  coal,  largely  due  to  their 
corrosive  efifect  when  wet,  the  cost  of  maintenance  of  these  carriers 
is  80  small,  even  under  this  condition,  that  they  are  well  adapted  to 
the  double  service. 
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small  scale  pockets  above  a  series  of  coaling  tracks,  so  that  accurate 
record  may  be  kept  of  the  amount  delivered  to  each  locomotive. 
While  standing  beneath  the  pocket,  or  adjacent  to  it,  the  cinders  are 
raked  into  small  trolley  cars  in  the  raking  pits  which  are  long  enough 
to  accommodate  three  locomotives  each.  These  trolley  cars  as  filled 
are  pushed  over  hoppers  beneath  the  station,  from  which  the  cinders 
may  be  drawn  into  a  carrier  running  beneath  them  all,  and  finally 
ascending   and    dehvering    into    overhead    cinder   storage  .pocket. 


Fig.  33    Locomotive  Coal  and  Cinder  Station  op  Reinporced  Concrete 

Elevators  of  suitable  design  receive  the  coal  and  sand  from  supply 
tracks  ^nd  deliver  into  conveyors  which  distribute  into  the  overhead 
coal  and  sand  pockets.  As  a  safeguard  against  accident  and  delay, 
the  coal  receiving  track  hoppers  and  elevators  are  in  duplicate. 

52  In  Fig.  33  is  a  locomotive  coal  and  cinder  station  of  reinforced 
concrete,  built  by  the  Link  Belt  Engineering  Co.,  for  the  Pittsburg 
and  Lake  Erie  Ry.,  Pollock,  Pa.     The  capacity  of  the  coal  pocket 
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scarcely  any  wear.    The  cost  per  ton  for  power,  supplies  and  attend- 
ance was  1-1/10  cents  per  ton. 

47  A  carrier  equipped  with  24  by  24  buckets  at  the.  Union  Stock 
Yards,  Chicago,  with  a  vertical  lift  of  58  ft.  and  a  horizontal  run  of 
138  ft.  has  been  in  continuous  operation  since  1903  handling  an  aver- 
age of  2500  tons  of  coal  per  week  with  no  expenditure  whatever  for 
repairs  and  is  still  in  such  excellent  condition  that  it  is  probable  no 
rq)airs  will  be  required  for  some  four  or  five  years. 

48  The  modern  coal  mine  affords  another  illustration  of  plant 
modification.  Here  at  a  little  distance  from  the  shaft  mouth  is  a 
building  of  great  height  necessary  for  the  coal  to  pass  through  the 
various  preparing  operations  of  crushing,  screening,  picking  and  sort- 
ing, into  the  shipping  pockets.  Formerly  the  mine  cars  had  to  be 
devated  above  the  shaft  to  the  height  of  the  building,  pushed  from 
the  cages,  and  hauled  to  the  dump  at  the  top  of  the  building,  and  back 
to  the  cages.  The  modern  practice  is  to  dump  the  cars  without 
removal  from  the  cages,  at  the  shaft  mouth,  into  an  inclined  conveyor 
of  great  capacity  which  carries  the  coal  to  the  top  of  the  breaker  or 
tipple  building,  permitting  the  immediate  return  of  the  mine  cars, 
when  dumped,  to  the  bottom  of  the  shaft.  An  illustration  of  such  a 
conveyor  is  shown  in  Fig.  32.  Such  conveyors  handle  coal  at  the 
rate  of  500  tons  and  more  per  hour,  and  similar  ones  used  in  loading 
vessels  have  successfully  and  frequently  handled  1000  tons  per  hour. 

49  One  of  the  earliest  of  these  carriers  was  placed  in  operation 
late  in  1902  near  Pittston,  Pa.,  operating  on  an  incline  of  25  deg.  and 
conveying  the  coal  355  ft.  the  buckets  being  48  in.  wide.  This  carrier 
handling  130  000  tons  per  month  was  in  excellent  condition  after 
four  years'  use,  the  only  repairs  being  the  renewal  of  the  carrying 
rollers,  and  the  driving  pinions  of  the  head  gearing.  The  cost  of 
repairs  averaged  for  material  4/100  cent  per  ton  handled,  and  for 
labor  6/100  cent  per  ton,  or  a  total  repair  cost  of  1/10  cent  per  ton. 
This  machine  had  a  further  record  of  never  having  caused  a  day's 
shutdown  of  the  plant. 

50  In  the  most  advanced  development  and  utilization  of  con- 
veying machinery  at  the  present  day,  it  forms  the  basis  of  a  complete 
process  or  system,  two  or  three  illustrations  of  which  will  be  briefly 
referred  to. 

51  In  a  typical  plant  for  supplying  locomotives  with  coal,  sand, 
and  water,  and  for  the  removal  and  disposition  of  the  cinders,  the 
coal  is  carried  in  an  overhead  pocket  of  1000  tons  capacity,  or  from 
one  to  two  dajrs'  supply.     From  this  pocket  it  is  drawn  as  required  into 
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ance  for  maintenance  of  the  trestle.  This  charge  will  be  small  for  the 
first  12  or  15  years,  after  which  it  will  be  considerable.  The  switch- 
ing charges  are  about  the  same  for  the  trestle  and  mechanically 
operated  pocket.  The  chances  for  accidents  to  locomotives  and 
cars  are  considerably  greater  in  drilling  cars  on  and  oflf  the  trestle. 
The  trestle,  of  course,  has  no  expense  for  fuel.  The  chief  difference 
in  costs  between  the  inclined  belt  conveyor  stations  and  those  with 
steel  conveying  machinery  lies  in  the  repair  charges. 

55  An  important  application  of  conveying  machinery  is  the  well- 
known  Dodge  system  for  the  storage  of  anthracite  coal.  Conical 
piles  of  coal  are  formed  by  conveyors  supported  on  shear  trusses.  This, 
noTV  the  recognized  standard  method  for  the  storage  of  anthracite 
coal  in  large  quantities,  has  reduced  the  handling  costs  in  and  out  of 
storage,  which  formerly  were  20  cents  per  ton  and  upwards  to  less 
than  4  cents  per  ton,  and  by  making  the  daily  output  of  the  mines  to  a 
considerable  extent  independent  of  the  demand  of  the  moment, 
worked  a  benefit  both  to  the  operators  and  to  labor  by  establishing 
more  uniform  working  hours. 

56  Fig.  34  shows  a  complete  handling  system  of  a  modem  foun- 
dry  making  a  uniform  product  in  large  quantities.     A  conveyor, 
which  is  practically  a  continuous  moving  table,  runs  the  entire  length 
of  the  foundry.     Near  one  end  of  this  stand  the  molding  machines, 
and  a  mold  when  made  is  immediately   placed  on  the  carrier,  which 
is  constantly  moving  at  a  slow  speed.     Near  the  other  end  of  this 
carrier  stand  the  cupolas,  and  as  the  molds  arrive  there,  they  are 
I>oured  by  men  who  perform  no  other  function,  the  work  of  pouring 
being  facilitated  by  the  suspending  of  the  ladles  from  overhead  trolley 
rails,  and  by  conveyors  alongside  the  main  carrier  and  flush  with  the 
floor,  moving  at  the  same  speed  as  the  carrier,  upon  which  the  pourers 
stand  while  pouring. 

57  The  returning  side  of  the  carrier  is  filled  with  the  molds 
which  have  been  poured,  and  which  have  time  to  cool.  Before  the 
molding  machines  are  reached,  the  molds  are  automatically  raked 
from  the  carrier  onto  screen  bars,  through  which  the  sand  falls.  The 
castings  slide  over  these  bars  and  fall  on  a  conveyor  which  takes  them 
to  the  cleaning  room;  the  flasks  are  lifted  off  and  placed  upon  other 
conveyors,  which  return  them  to  the  molding  machines.  The  sand, 
which  has  fallen  through  the  grating,  is  caught  by  elevators,  delivered 
to  screens  which  remove  lumps  and  sprue,  passed  through  mixers  onto 
cooling  and  tempering  conveyors  and  is  finally  delivered  to  conveyors 
running  above  the  molding  machines  which  furnish  the  sand  in 
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requisite  quantities  to  them.  So  completely  is  the  handling  of  all  the 
products  carried  out  without  manual  labor  that  the  little  sand 
"struck  oflf"  the  molds  before  putting  the  two  halves  together  is 
caught  by  small  belt  conveyors  beneath  the  floor  and  carried  to  the 
sand  elevators. 

58  One  of  the  earliest  foundries  to  adopt  this  system  of  handling, 
although  already  having  a  systematic  organization,  and  taking  every 
advantage  of  highly  specialized  molding  machinery  and  piecework 
rates,  was  able  to  effect  a  saving  of  ^  cent  per  pound;  and  very  careful 
and  conservative  estimates  made  on  the  probable  economy  of  a 
similar  system  by  a  foundry  of  large  and  rather  a  complex  output, 
contemplating  such  an  installation,  showed  that  its  first  cost,  of  about 
$45  000,  would  probably  be  saved  in  2^  years. 

59  These  last  few  illustrations  of  the  most  systematic  use  of  con- 
veying machinery,  bring  it  peculiarly  within  the  province  of  the 
engineer.  In  these  no  expense  has  been  spared  that  could  add  to  the 
efficiency,  reliability  and  durability  of  the  installations,  and  the 
economies  effected  thereby  have  been  correspondingly  great.  While 
such  results  may  not  be  hoped  for  from  every  installation,  these  may 
at  least  suggest  to  engineers  that  the  subject  is  one  that  will  well 
repay  their  study. 

NoTB— The  discussion  on  this  psi^per  and  the  Author's  closure  are  published 
under  "Discussion  on  the  Conveying  of  Materials/'  No.  1195  in  this  volume. 

— Edifcir. 
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THE  BELT  CONVEYOR  • 

Bt  C.  Kxmblb  Baldwin,  Chicago 
Member  of  the  Society 

BABLT  mSTORT 

The  Transactions  of  this  Society  contain  but  one  paper  treating  of 
the  handling  of  material  by  belt  conveyors,  this  one  being  contributed 
in  1886  by  Mr.  T.  W.  Hugo  upon  Belts  as  Grain  Conveyors.  Mr. 
Hugo  closes  his  paper  as  follows:  ''  Enough  has  been  baid  to  show  that 
it  is  a  satisfactory  method  of  handling  grain,  and  not  grain  alone, 
but  there  are  various  articles  that  could  be  expeditiously  and  cheaply 
handled  by  this  plan,  or  with  modifications  of  it,  to  suit  the  articles 
to  be  handled." 

2  Although  little  has  been  written  on  the  subject,  the  prediction 
made  23  years  ago  has  been  realized,  and  today  millions  of  tons  of 
ore,  stone,  earth,  coal,  etc.,  are  being  successfully  moved  on  belt 
conveyors;  and  this  type  of  conveyor  has  firmly  established  itself 
in  a  field  of  its  own. 

3  In  1890  Thomas  Robins,  Jr.,  of  New  York,  then  engaged  in  the 
manufacture  of  rubber  goods,  visited  the  Edison  Mines  in  New  Jersey, 
where  he  saw  rubber  belts  used  for  handling  iron  ore  in  the  concen- 
tTating  plant;  and  while  they  handled  enormous  quantities  of  ore  with 
very  little  power,  the  belts,  the  best  they  could  buy,  lasted  but  a  few 
months. 

4  Mr.  Robins  subsequently  conducted  a  long  seriep  of  experi- 
ments to  determine  the  proper  belt  construction,  and  the  best  com- 
pounds of  rubber  to  withstand  the  abrasion  of  the  material  carried. 
Small  rubber  samples,  each  mixed  differently,  were  exposed  to  the 
tetion  of  a  powerful  sand  blast  for  the  same  length  of  time,  each  sample 
bong  carefully  weighed  before  and  after  the  test  in  order  to  note  the 
loss  in  weight.    Test  samples  were  also  nailed  to  boards  and  placed  in 

Preseoted  at  the  Detroit  Meeting  (June,  1908)  of  The  American  Society  of 
Mechanical  Engineers. 
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streams  of  falling  ore  in  such  position  that  the  ore  was  immediately 
deflected.  These  samples  were  also  weighed  before  and  after  each 
test. 

5  These  tests,  which  extended  over  a  period  of  nearly  two  years, 
showed  that  certain  adulterants  could  be  used  in  sufficient  quantities 
to  bring  the  cost  of  the  belts  to  a  marketable  figure  and  still  retain 
their  abrasion  resisting  qualities.  Belts  made  in  1892  from  these  com- 
pounds wore  for  over  four  years  under  exactly  the  same  conditions 
which  had  destroyed  the  former  belts  in  three  months'  time.  In 
1896  Mr.  Robins  read  a  paper  before  the  American  Institute  of  Mining 
Engineers  in  which  he  fully  explained  the  belt  conveyor  of  that  day 
and  outlined  his  experiments. 

6  The  oldest  type  of  conveyor  consisted  of  a  belt  dragging  along 
in  a  wooden  trough  and  passing  over  flat  faced  endpulle3rs  asinRg. 
1.    The  belts  were  of  single  ply  canvas,  or  were  of  the  ordinary  type 


Fio.  1  Fio.  2 

Flat  Faobd  Rollers  for  Belt  Conybtor 

of  rubber  or  stitched  canvas  belts.  These  crude  home-made  affairs, 
while  they  did  the  work,  wore  out  quickly,  which  made  the  cost  of 
belt  renewal  very  high. 

7  Flat  wooden  rollers.  Fig.  2,  were  then  substituted  for  the  trough 
and  the  belts  made  wider  to  keep  the  material  from  jarring  off  when 
passing  over  the  rollers.  In  many  cases  skirt  boards  were  placed  the 
entire  length  of  the  conveyor  to  keep  the  material  from  rolling  off,  as 
in  Fig.  3. 

8  Naturally  the  belt  would  sag  between  the  rollers,  resulting  in 
the  material  catching  between  the  belt  and  skirt  board  at  the  rollers, 
which  soon  cut  strips  off  the  edges  of  the  belt,  and  the  skirt  boards 
were  arranged  so  they  could  be  moved  in  as  the  belt  became  narrower. 

9  The  next  and  most  natural  development  was  to  turn  up  the 
edges  of  the  belt.  Fig.  4,  forming  a  trough  which  not  only  kept  the 
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material  from  rolling  off,  but  prevented  the  belt  from  sagging  between 
the  supporting  rollers.  The  wooden  spool  was  made  either  in  one  or 
three  pieces.  Fig.  5  shows  the  concave  roller  made  variously^  in  one 
pieoe,  or  cut  into  sections  as  indicated  below,  in  order  to  reduce  the 
slip  on  the  under  cover  of  the  belt. 


Fio.  3    Bki/t  Conybtob  with 
Skirt  Boards 


Fig.  4    Woodbn  Spool  to  Troigh 
THB  Belt 


Fig.  5    Concave  Roller 


Fig 


Idler  for  Belts  not  Over 
26  IN.  Wide 


Fig.  7    Idler  fob  Wide  Belts 

10  In  the  case  of  both  the  spool  and  the  concave  roller  this  slip, 
due  to  the  different  diameters,  while  not  serious  on  a  grain  conveyor 
wha«  the  belt  presses  lightly  against  the  rollers,  is  a  serious  matter 
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when  handling  the  heavier  materials,  as  the  slip  soon  destro3rB  the 
under  cover  of  the  belt. 

11  A  belt  running  at  400  ft.  per  minute  8  hours  per  day  and  300 
days  per  year,  will  travel  during  the  year  67  600  000  ft.  Taking 
one  section  of  the  roller  in  Fig.  5  with  small  diameter  of  8  in.  and  large 
diameter  of  12  in.,  assume  that  the  section  will  turn  at  the  speed  of  the 
mean  diameter  of  10  in.  It  will,  during  the  year,  make  about  22  000- 
000  revolutions  and  with  a  slip  of  6  in.  per  revolution,  there  will  be  a 
total  slip  of  about  2000  miles  per  year.    Results  of  actual  practice 


Fig.  8    36-in.  Conveyor  Beforb  Belt  was  Put  On 

prove  how  destructive  this  is  and  stress  is  laid  on  the  faults  of  this 
form  of  construction  because  several  patents  have  been  issued  recently 
on  carrier  pulleys  of  this  general  type. 

12  All  of  the  forms  described  above  are  still  used  to  a  very  limited 
extent,  but  the  idler  used  almost  universally  today  consists  of  a 
series  of  small  pulleys  of  equal  diameter  arranged  in  the  same  or 
different  planes,  as  in  Fig.  6  and  7,  which  will  produce  no  wear  due 
to  slip. 

13  The  troughing  idlers  should  be  spaced  as  follows,  depending 
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opon  the  weight  of  the  material  carried :  On  12-in.  to  16-in.  belts, 
4  ft.  to  5  ft.  apart;  18-in.  to  22-in.,  4  ft.  to  4^  ft.;  24  in.  to  30  in., 
3ift  to  4  ft.;  32  in.  to  36  in.,  3  ft.  to  3i  ft. 

14  Rg.  8  is  a  view  of  a  36  in.  conveyor  670  ft.  from  center  to  cen- 
ter before  the  belt  was  put  on.  This  conveyor  hais  been  in  service  over 
three  years  and  has  a  capacity  of  500  to  600  tons  per  hour. 

15  The  lubrication  of  the  idlers  is  an  important  matter,  particu- 
larly where  rubber  belts  are  used,  as  oil  or  grease  soon  causes  the  rub- 
ber to  deteriorate.  Oil  should  not  be  used  as  it  leaks  out  when  the 
eonveyor  is  not  running  and  soon  coats  the  faces  of  the  pulleys  and 
the  belt.  As  conveyors  usually  work  in  dirty  places  and  it  is  impos- 
sible to  keep  the  oil  wells  clean,  grease  lubrication  through  hollow 
shafts  is  generally  used.  Such  bearings  are  practically  dust  proof, 
&DJ  foreign  matter  being  carried  out  by  the  grease  and  the  small 
ring  of  grease  which  forms  on  the  hubs  of  the  pulleys  acts  as  a  most 
efficient  dust  collar.  Grease  lubrication  without  question  increases 
the  power  consumed,  but  the  great  advantage  of  clean  bearings, 
coupled  with  the  low  power  requirements  of  the  belt  conveyor,  has 
resulted  in  the  general  adoption  of  this  method  of  lubrication. 

16  The  return  belt  is  alwa3rs  carried  on  straight  idlers  consisting 
either  of  a  number  of  small  pullejrs  turning  on  a  hollow  shaft  with 
grease  cup  on  one  end,  or  of  small  pulleys  keyed  to  a  solid  shaft 
tummg  in  pillow  blocks.  They  should  be  spaced  from  8  to  12 
ft  apart,  according  to  the  weight  of  the  belt. 

BELTS 

17  Belts  made  of  a  great  variety  of  substances  have  been  used  on 
conveyors  and  many  tales  of  wonder  have  been  told  of  the  perform- 
ances of  -some  of  them.  A  careful  research,  however,  shows  little 
that  is  really  new  or  important  to  have  been  added  to  the  art, 
although  vast  improvements  have  been  made  in  the  older  types. 

18  Stitched  canvas  and  woven  cotton  belts  are  used  to  some 
extent,  but  generally  their  service  is  not  satisfactory,  mainly  because 
it  is  impossible  to  water  proof  them  thoroughly.  Belts  of  this  class 
are  usually  filled  with  oil,  paraffin,  or  other  such  substance,  the  outside 
bring  coated  with  some  water  proof  paint.  When  new,  they  are 
fairly  flexible,  but  soon  become  so  stiflf  that  they  will  not  trough 
properly,  and  it^ia  difficult  to  make  them  run  true  and  straight. 
They  are  sensitive  to  atmospheric  changes,  requiring  constant  adjust- 
ment of  the  take-ups  to  keep  them  at  proper  driving  tension.    In  one 
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case  under  observation  a  24-in.,  5-ply  canvas  belt  on  a  conveyor  400 
ft.  centers  was  handling  crushed  stone  when  the  heat  of  the  sun  caused 
the  belt  to  stretch  and  slip  on  the  drive  pulley.  The  take-ups  were 
adjusted  and  the  conveyor  was  again  started.  During  the  noon  hour 
there  was  a  shower  of  rain,  causing  the  belt  to  shrink  and  as  it  was 
already  tight,  the  tail  structure  of  the  conveyor  was  pulled  down  by 
the  contraction.  The  belt  was  guaranteed  water  proof,  or  as  the 
manufacturers  said,  "Commercially  water  proof." 

19  The  main  claim  of  these  belts  is  low  first  cost,  but  they  should 
not  be  used  on  permanent  installations,  particularly  where  out  of 
doors,  or  where  subject  to  atmospheric  changes. 

20  The  rubber  covered  belt  is  more  generally  used  than  any  other 
type,  and  the  belt  conveying  industry  has  been  built  up  mainly  on 
the  remarkable  showing  of  the  rubber  belts  made  by  Mr.  Robins, 
based  on  the  tests  described  previously.  While  belt  conveyors  had 
been  used  for  many  years  for  handling  grain,  and  to  some  extent  for 
other  materials,  the  apparatus  was  crude  and  mostly  home  made, 
so  that  the  real  development  may  be  said  to  have  started  with  the 
perfection  of  a  durable  rubber  belt. 

21  Briefly,  rubber  belts  are  made  as  follows:  The  duck  is  run 
through  the  calender  which  consists  of  a  series  of  heated  rolls.  This 
machine  coats  the  duck  with  rubber,  known  as  "friction."  This 
frictioned  duck  is  then  cut  into  the  proper  widths  and  the  belt  is  laid 
up  to  the  desired  number  of  plies,  the  operator  using  a  hand  or 
power  roller  to  cause  the  plies  to  stick  together.  The  cover  is  then 
put  on  and  the  belt  put  in  the  vulcanizing  press  where  it  is  subjected 
to  heat  and  pressure.   The  belts  are  stretched  before  being  vulcanized. 

22  It  will  be  noted  that  the  belt  consists  of  three  parts:  First, 
the  duck  which  gives  tensile  strength;  second,  "friction,"  which 
cements  the  plies  of  duck  together;  third,  the  rubber  cover  which 
protects  the  duck  from  moisture  and  abrasion. 

23  Cotton  duck  used  in  the  manufacture  of  belts  is  made  in  bolts 
about  375  to  400  ft.  long.  Belts  longer  than  this  should  be  joined 
with  metal  lacing.  Internal  splices  should  be  avoided,  and  special 
lengths  of  duck,  while  sometimes  used,  generally  cause  delay  and 
increased  cost  and  are  not  to  be  recommended,  especially  in  wide 
belts,  on  account  of  the  increased  weight  of  the  roll  of  belting  to  be 
handled  in  shipment  and  erection. 

24  The  average  manufacturer  of  rubber  goods  will,  in  making  up 
belts,  cut  his  duck  so  as  to  have  the  least  waste,  as  the  narrow  strips 
are  almost  valueless.    This  results  in  the  longitudinal  seams  in  the 
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bdt  being  located  at  random.  A  careful  study  of  hundreds  of  belts 
operating  under  a  great  variety  of  conditions  has  shown  the  great 
importance  of  the  proper  location  of  these  seams.  When  properly 
placed,  they  cause  no  trouble,  while  many  belts  made  by  reputable 
rubber  companies  have  gone  to  pieces  in  a  few  months  because  the 
manufacturer  did  not  understand  the  conditions  imder  which  the 
belts  must  operate,  and  naturally  built  them  only  with  regard  to  his 
factory  economy  as  a  guide  to  construction.  The  real  life  of  the 
rubber  belt  is  in  the  cover,  provided  of  course  that  the  belt  is 
properly  laid  up,  the  friction  is  good,  and  the  cover  adheres*  prop- 
erly. 

25  A  thin  layer  of  rubber  forming  the  cover  of  a  belt  under  obser- 
vation handling  iron  ore  was  found  to  represent  one-half  the  life  of 
the  belt,  although  forming  less  than  one-fifth  the  total  thickness. 
The  function  of  the  cover  is  to  protect  the  body  of  the  belt  from 
moisture  and  abrasion.  It  must  therefore  be  soft,  pure  and  durable, 
and  stiU  not  be  too  high  in  cost.  The  compounds  forming  the  covers 
were  determined  by  the  sand  blast  and  ore  tests  previously  described 
and  since  the  time  of  these  tests  the  compounds  have  been  greatly 
miproved  by  a  careful  study  of  belts  in  actual  service. 

26  Much  harm  has  been  done  to  this  industry  by  the  fact  that 
the  buyer  has  not,  as  a  rule,  a  very  extensive  knowledge  of  rubber  and 
he  cannot,  from  the  samples  submitted  by  a  rubber  company,  be 
sure  that  he  is  getting  a  belt  suited  to  the  work  to  be  performed. 
The  specialist  in  the  manufacture  of  belt  conveyors  has  his  business 
at  stake  when  he  offers  his  product,  and  should  the  belts  fail  his  whole 
business  suffers.  The  ordinary  salesman  of  rubber  belts  on  the  other 
hand  does  not,  as  a  rule,  have  an  opportunity  to  study  the  operating 
conditions  of  belt  conveyors  and  should  the  belts  fail,  he  blames  the 
medianism,  while  the  purchaser  condemns  the  entire  system.  It  is 
therefore  more  satisfactory  to  purchase  the  complete  conveyor 
from  the  specialist  who  knows  the  conditions  and  can  be  held  respon- 
sible. 

27  Rubber  belts  are  absolutely  water  proof  only  when  the  cover  ie 
viiiact,  as  the  friction  coats  only  the  surface  of  the  duck  and  is  not 
absorbed  by  the  same.  When  used  in  such  service  that  the  belts  are 
continually  soaked  in  water,  they  are  seriously  damaged  by  the  water 
reaching  the  duck  through  cuts  or  punctures  in  the  covers.  The  duck 
absorbs  the  water,  causing  the  rubber  to  lose  its  hold,  thus  forming  a 
blister  which  is  quickly  extended  by  passing  over  the  end  pulleys. 
This  does  not  apply  so  much  to  belts  working  out  of  doors  and  sub- 
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ject  to  wetting  from  storms,  as  to  those  handling  dredgings,  wet  tail- 
ings and  similar  materials. 

28  It  will  be  noted  that  both  the  cotton  and  rubber  belts  lack  the 
property  of  being  absolutely  water  proof.  The  only  belt,  which  to  the 
writer's  knowledge  possesses  this  quality,  is  the  Balata  Belt. 

29  Balata  is  a  vegetable  gum  found  in  Venezuela  and  the  Dutch 
East  Indies.  In  nature  it  lies  between  gutta  percha  and  india 
rubber,  but  differs  from  them  in  its  great  tensile  strength,  freedom 
from  oxidation,  and  the  fact  that  it  does  not  deteriorate  with  age. 
It  is  dissolved  properly  in  but  one  solvent,  the  nature  of  which  is  a 
carefully  guarded  secret  of  the  manufacturers. 

30  The  duck  used  in  the  Balata  belt  is  woven  by  a  special  process 
on  powerful  looms,  making  it  a  very  compact,  closely  woven,  and 
non-stretching  fabric.  The  Balata  is  applied  to  the  fabric  in  a  liquid 
form  so  that  the  gum  penetrates  and  saturates  every  fiber  of  the 
fabric,  thoroughly  waterproofing  it.  This  belt  is  not  only  water 
proof,  but  it  possesses  about  20  per  cent  greater  tensile  strength  than 
a  rubber  belt  of  the  same  number  of  plies,  due  to  the  more  closely  woven 
fabric  and  the  greater  strength  of  Balata  as  a  friction.  The  fabric  is 
never  exposed  to  the  great  heat  of  vulcanization,  which  somewhat 
impairs  the  strength  and  vitality  of  the  fabric  used  in  rubber  belts. 
For  lighter  materials,  the  Balata  Belts  are  used  without  covers,  but 
when  heavy  abrasive  materials  are  to  be  handled  a  rubber  cover  is 
provided  to  protect  the  fabric  from  wear. 

31  There  are  two  points  which  determine  the  number  of  plies  of 
duck  making  up  a  conveyor  belt.  First,  there  must  be  suflScient 
tensile  strength;  second,  the  belt  should  have  enough  stiffness  to  sup- 
port the  load  properly  between  idlers.  With  the  speed  and  the  power 
transmitted  known,  the  stress  in  the  belt  per  inch  of  width  may  be 
determined  and  this  stress  should  not  exceed  20  lb.  per  in.  per  ply 
on  the  rubber  belts,  although  it  may  be  increased  20  per  cent  on 
Balata  belts.  Where  the  power  required  is  small,  the  stiffness  of  the 
belt  fixes  the  number  of  plies.  Table  3  gives  the  maximum  and 
minimum  plies  for  different  widths  of  belt. 

32  Belts  are  sometimes  made  endless  in  the  factory,  but  they  are 
difficult  to  install  and  nothing  is  gained,  so  this  practice  is  not 
recommended. 

33  Lapped  splices  have  been  vulcanized  in  the  field  with  a  port- 
able press,  but  this  requires  an  expert  and  is  very  difficult  as  all  mois- 
ture must  be  dried  out  of  the  duck,  otherwise  steam  will  form  when 
heat  is  applied,  forming  a  blister  in  the  splice.    Lapped  cemented 
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splices  are  sometimes  used,  copper  tacks  being  driven  through  the 
beh  to  hold  the  edges  down.  All  of  these  methods  are  necessary  in 
some  cases,  but  generally  a  metallic  lacing  like  the  Bristol,  Fig.  9,  or 
the  Crescent  lacing  is  the  most  satisfactory.  These  lacings  are  strong, 
are  easily  put  in  and  do  not  seriously  damage  the  ends  of  the  belt, 


Fio.  9  Mbtaluc  Lacino 

provided  the  holes  are  first  punched  with  an  awl.  When  the  belt 
becomes  worn  at  the  edges  of  the  lacing,  it  is  a  simple  matter  to  cut 
the  lacing  out  and  put  in  a  new  row. 

DRIVING   MACHINERY 

34  The  belt  conveyor  has  one  great  advantage  over  most  other 
types  of  conveyors,  in  that  it  may  be  driven  from  any  point  in  its 
length.  When  properly  designed,  the  drive  located  at  the  tail  or 
loading  end  will  prove  as  satisfactory  as  when  at  the  head.  The  drive 
may  be  located  on  the  return  or  lower  belt  at  any  point  between  the 
head  and  tail  ends  with  satisfactory  results.  The  longest  heavy  duty 
bdt  conveyor  ever  built  (1000  ft.  from  center  to  center,  handling  about 
400  tons  of  material  per  hour)  is  driven  from  the  loading  end.  This 
feature  of  being  able  to  apply  the  power  to  the  conveyor  at  any  point 
in  its  length,  is  of  great  value  in  the  design  of  plants,  particularly 
with  conveyors  of  large  capacity. 

35  Take,  for  example,  the  case  of  a  long,  inclined  conveyor,  run- 
oing  up  an  inclined  structure,  the  drive  may  be  located  at  the 
foot  of  the  incline  where  proper  foundations  may  be  obtained  and 
where  the  heavy  parts  may  be  conveniently  and  cheaply  handled. 
Any  other  type  of  conveyor  would  require  a  drive  located  at  the  top 
of  the  mcline,  greatly  increasing  the  cost  and  weight  of  the  supporting 
structure,  with  corresponding  increase  in  cost  of  installation.  Where 
one  conveyor  discharges  to  another,  they  may  be  driven  by  a  single 
motor  or  engine  at  the  point  of  intersection,  one  being  head,  the  other 
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tail  driven.  A  conveyor  carrying  tailings  from  a  mill  to  a  waste 
pile  may  be  driven  from  the  shafting  of  the^  mill  by  tail  drive,  thus 
saving  wiring  to  the  head  end  and  an  isolated  motor. 

36  It  is  frequently  desirable  to  drive  one  conveyor  through  another, 
using  the  conveyor  belt  to  transmit  the  power.  For  example,  in  a 
system  of  four  conveyors,  A,B,C,  and  D,  material  was  fed  to  A  which 
discharged  to  B,  B  to  C  and  C  to  D.  A  motor  was  located  at  the 
point  where  B  discharged  to  C  Power  was  transmitted  from  the 
head  of  B  through  the  belt,  and  A  was  connected  by  suitable  gears  and 
chain  to  the  tail  of  B.  Similarly  conveyor  C  was  driven  at  the  tail 
end  and  D  was  geared  to  the  head  of  C.  It  will  be  noted,  therefore, 
that  the  four  units  were  geared  to  a  single  motor  located  at  a  convenient 
point  along  the  line  and  arranged  so  that  they  all  started  or  stopped 
at  the  same  time. 

37  The  drive  located  at  any  point  in  the  length  of  the  conveyor 
may  be  so  built  that  the  conveyor  may  be  reversed,  thus  carrying 
material  in  either  direction  by  simply  reversing  the  motor  or  engine. 

38  The  driving  machinery  for  the  belt  conveyor  is  extremely 
simple.  Power  is  applied  to  one  or  more  of  the  pulle3rB  over  which 
the  conveyor  belt  passes.  These  pulleys  should  have  heavy  arms 
and  rims  with  extra  high  crowns.  They  should  be  secured  to 
their  shafts  by  both  keys  and  set  screws. 

39  Formerly  the  driving  pulleys  were  increased  in  diameter  as 
the  duty  increased,  so  as  to  obtain  easily  a  greater  arc  of  contact. 
In  recent  years  multiple  pulley  drives  have  been  used  on  the  longer 
conveyors  with  most  satisfactory  results.  In  this  type  of  drive,  the 
belt  passed  over  two  or  more  pulleys  geared  together  so  that  they 
turn  at  the  same  speed.  This  makes  it  possible  to  use  smaller  pulleys, 
thereby  simplifying  the  speed  reduction  from  the  motor  or  engine. 
For  example,  a  conveyor  with  a  belt  speed  of  400  ft.  per  min.  having 
a  driving  pulley  48  in.  in  diameter  making  32  r.p.m.  and  driven  by  a 
motor  at  800  r.p.m.  will  require  a  reduction  of  25  to  1.  If  a  multiple 
pulley  drive  made  of  two  24  in.  pulleys  is  used,  the  reduction  will  be 
only  12^  to  1.  With  a  single  pulley  drive,  the  belt  must  alwa3r8  be 
under  the  proper  driving  tension  fixed  by  the  take-ups.  With  the 
multiple  pulley  drive,  however,  the  belt  may  be  run  as  slack  as  desired 
provided  there  is  some  means  of  keeping  the  belt  in  contact  with 
the  second  drive  pulley,  by  allowing  it  to  sag  or  using  a  weighted 
take-up.  A  belt  imder  great  tension  is  hard  to  train,  therefore  the 
conveyor  with  multiple  pullAv  drive  may  be  more  easily  adjusted  and 
operated. 
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40  Pulleys  of  small  diameter  should  be  avoided  on  the  heavy 
belts,  otherwise  the  constant  bending  when  under  heavy  stress  will 
eause  the  friction  to  lose  its  hold  and  destroy  the  belts.  In  many 
esses  it  is  advisable  to  cover  the  driving  pulley  with  a  rubber  lagging 
to  increase  the  tractive  power.  This  is  particularly  the  case  when  the 
conveyor  operates  in  a  dusty  place. 


Fio.  10    Head  Drivb — ^Drivino  Donb  bt  Larqbb  Pxtlubi 

41  The  following  table  gives  the  minimum  size  of  driving  pulleys 
which  should  be  used  on  the  various  widths  of  belt  dependent  on  the 
number  of  plies: 

TABLE  I    MINIMUM  SIZE  OF  DRIVING  PULLEYS 


Width  of 

Diameter  of  driving 

Width  of 

Diameter  of  driv- 

belt 

pulley 

belt 

ing  pulley 

Inches 

Inches 

Inches 

Inches 

12 

16  to  18 

26 

24  to  30 

14 

16  to  18 

28 

24  to  30 

16 

20  to  24 

30 

30  to  36 

18 

20  to  24 

32 

30  to  36 

20 

20  to  24 

34 

30  to  42 

22 

20  to  30 

36 

30  to  48 

24 

24  to  30 

42  Only  two  or  three  sizes  of  pulleys  are  required  for  each  width 
of  belt  to  make  up  drives  for  conveyors  of  the  various  lengths.  A 
short  conveyor  may  be  driven  by  a  single  bare  pulley;  a  longer  con- 
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veyor  may  be  driven  by  a  pulley  of  the  same  diameter  if  it  ia  covered 
with  rubber.  Still  longer  conveyors  would  use  a  two-pulley  drive 
with  bare  pulleys.  These  in  turn  may  be  rubber  covered,  giving 
still  greater  tractive  power.  The  faces  of  alljpulleys  should  be  at 
least  2  in.  wider  than  the  belt.  At  some  point^in  the  length  of  the 
conveyor,  a  pair  of  take-ups  should  be  used  to  take  up  the  stretch  in 
the  belt,  and  to  adjust  it. 

43  Fig.  10  shows  one  type  of  head  drive.  It  will  be  noted  that 
the  driving  is  done  by  the  larger  pulley,  while  the  material  is  discharged 
over  the  smaller  pulley,  thus  saving  head  room  and  giving  a  clean 
discharge.    This  photograph  was  taken  before  the  chute  was  placed. 


Fio.  11    Discharge  at  Head  or  Convetor 

44  Fig.  11  is  the  discharge  at  head  end  of  a  conveyor.  The  drive 
is  located  at  the  foot  of  the  incline  on  the  ground,  300  ft.  away.  The 
pulley  on  the  left  drives  the  rotary  brush.  Capacity  600  tons  per 
hour. 

DISCHARQINQ   DEVICES 

45  Most  conveyors  receive  material  at  one  end  or  at  various 
points  in  their  length  and  discharge  it  over  the  head  pulley.  When 
necessary  to  discharge  at  points  between  the  ends,  either  fixed  or 
movable  trippers  are  used.  The  fixed  tripper  consists  of  two  pulleys, 
one  located  above  and  ahead  of  the  other.     The  belt  passes  over  the 
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upper  pulley  then  over  the  lower  in  such  manner  that  the  material 
is  discharged  from  the  belt  into  a  chute  which  will  carry  it  to  the 
side  of  the  conveyor. 

46  When  fine  sized  material  is  being  conveyed,  these  trippers  may 
be  made  automatic,  so  that  the  stream  of  material  will  be  deflected 
into  the  first  bin  until  filled.  The  material  will  then  fill  up  in  the 
chutes,  flow  back  on  itself  to  the  belt  and  be  carried  to  the  second 
tripper,  and  so  on  until  all  bins  are  filled.  Should  material  be  drawn 
from  any  bin,  the  stream  will  immediately  be  deflected  until  the  bin 
is  again  filled  and  then  pass  on.  The  writer  has  used  eight  such 
trippers  on  a  single  conveyor. 

47  The  movable  or  traveling  tripper  is  similar  to  the  fixed  tripper 
in  form  and  operation.    The  two  pulleys  and  chute  are  mounted 


Fio.  12    AxnpifATic  Sblf-Rbvsrsino  Tripper 

on  a  frame  supported  on  four  flanged  wheels.  A  pair  of  rails  extend- 
ing the  length  of  the  conveyor  provides  track  for  the  machine  and 
enables  it  to  discharge  material  at  any  point  in  the  length  of  its  travel. 
The  tripper  is  usually  provided  with  some  clamping  device  to  secure 
it  to  the  rails  when  discharging  in  a  fixed  position. 

48  Trippers  are  moved  in  the  following  ways:  The  hand  propelled 
tjrpe  is  moved  by  crank  with  pinion  and  gear  to  the  truck  wheels. 
Others  use  a  wire  rope  with  winch  located  at  one  end  of  the  conveyor. 
The  self  propelled  tripper  is  driven  by  power  taken  from  the  conveyor 
belt,  through  suitable  gearing  to  the  truck  wheels.  The  automatic 
self  reversing  t3rpe  is  illustrated  in  Fig.  12. 
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49  A  lever  on  one  side  properly  connected  with  the  driving  me- 
chanism controls  the  direction  of  travel  of  the  machine.  This  lever 
engages  adjustable  stops  located  on  the  rails  at  the  desired  limits  of 
discharge  and  the  tripper  will  travel  between  these  stops,  automat- 
ically reversing  at  each  end.  A  lever  is  provided  which  will  throw  this 
moving  mechanism  out  of  gear  allowing  the  machine  to  discharge  in 
a  fixed  position. 

CLEANING   BEI/rS 

50  When  the  material  handled  is  damp  it  is  advisable  to  provide 
some  mechanism  to  clean  the  belt  after  it  passes  over  the  discharge 
pulley;  otherwise  a  small  quantity  will  be  carried  back  by  the  return 
belt.  For  this  purpose,  rotary  brushes,  made  of  various  fibers,  are 
used.  These  brushes  revolve  at  a  high  speed,  sweeping  the  material 
into  the  chutes.  They  are  driven  from  the  conveyor  belts  and  are 
provided  with  means  of  adjustment^for  theVear  of  the  fiber. 

51  When  very  sticky  material,  such  as  clay,  is  being  conveyed, 
a  strong  water  spray  is  used  to  clean  the  belts.  An  air  blast  has  been 
used  to  clean  belts,  but  the  large  volume  and  high  pressure  required 
makes  this  method  expenisive. 

CHUTES   AND   FEEDERS 

52  One  of  the  most  important  features  of  belt  conveyor  design  is 
that  of  providing  chutes  which  will  properly  load  the  material  onto 
the  belt.  Mine  nm  ore  may  be  fed  to  a  belt  conveyor  so  that  it  will 
not  injure  the  belt,  but  with  improperly  designed  chutes  the  highest 
grade  belt  may  be  ruined  in  a  few  weeks  when  it  should  last  for  years. 

53  It  is  impossible  to  lay  down  any  rules  for  the  design  of  chutes. 
It  is  a  subject  requiring  a  careful  study  of  local  conditions  and  a  com- 
plete knowledge  of  the  materials  handled  and  of  the  manner  in  which 
they  will  move  in  chutes  under  various  conditions. 

54  The  material  should  alwajrs  be  delivered  to  the  belt  in  the  direc- 
tion of  the  belt  travel  and  as  nearly  as  possible  at  the  same  speed,  so 
that  it  will  go  from  chute  to  belt  with  no  shock  or  jar.  When  feeding 
a  conveyor  from  bulk,  for  example,  from  storage  bin,  some  type  of 
automatic  feeder  should  be  used  to  insure  an  even  and  continuous  feed 
to  the  belt.  This  is  particularly  important  when  handling  unsized 
material.  Should  a  simple  gate  be  used,  it  must  be  set  for  the  large 
lumps,  the  result  being  a  rush  of  fine  material  after  the  lump  has 


Digitized  by  VjOOQIC 


THB   BEI/r  CONVEYOR 


201 


If  a  feeder  is  so  driven  that  it  will  start  and  stop  with  the 
conveyor  it  feeds,  it  will  generally  save  the  expense  of  an  attendant 
st  the  loading  end  and  prove  more  satisfactory. 

55  The  writer  favors  the  shaking  feeder  consisting  of  an  inclined 
pan  set  under  the  bin  opening  at  such  an  angle  that  it  stops  the  flow 
when  stationary.  When  given  a  reciprocating  motion  by  crank  and 
connecting  rod  the  material  is  moved  along  the  pan  to  the  belt.  By 
varying  the  length  of  stroke  and  inclination  of  the  pan  the  amount  of 
material  delivered  may  be  absolutely  regulated. 


CAPACCTY 

56  Belt  conveyors  may  be  built  to  handle  practically  any  quantity 
of  material  which  may  be  fed  to  them.  The  following  table  gives  the 
capacity,  maximum  size  of  lumps,  and  advisable  speed  forthediffer- 

TABLE  2  BELT  CAPACITY  AND  SPEED 


•a 
s 

-8 


12 
14 
10 
18 
20 

22 
24 
26 
28 
30 

32 
34 

3« 
38 
40 

42 
44 

46 
48 


2 

2^ 

3 

4 
5 

9 

8 

0 
12 
14 

16 
19 
18 
10 
20 

20 
22 
22 
24 


460 
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820 

1040 

1280 

1550 
1860 
2180 
2500 
2000 

3300 
8700 
4200 
4600 
5100 

5600 

6200 
6800 
7400 


23 
31 
41 
52 
64 

78 

03 

110 

125 

145 

165 
185 
210 
230 
255 

280 
310 
340 
370 


300 
300 
800 
350 
350 

400 
400 
450 
450 
450 

500 
500 
500 
550 
550 

550 
600 
600 
600 


1380 
1800 
2460 
3640 
4480 

6200 

7400 

0810 

11250 

13050 

16500 
18500 
21000 
25300 
28050 

30800 
37200 
40800 
44400 


60 

04 

123 

182 

224 

810 
870 
400 
563 
653 

825 
025 
1050 
1265 
1402 

1540 
1860 
2040 
2220 
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ent  widths  of  belts.  This  table  is  based  on  an  even  and  continuous 
flow  of  material  to  the  conveyor  and  in  choosing  width  and  speed,  a 
full  knowledge  of  the  local  operating  conditions  and  character  of  the 
material,  is  necessary  so  that  the  table  may  be  used  with  judgment. 

SPEED   AND   SIZE   OF   BELTS 

67  When  the  quantity  to  be  conveyed  is  small,  and  the  pieces 
large,  the  size  of  the  material  fixes  the  width  of  the  belt  and  the  speed 
should  be  as  low  as  possible  to  carry  safely  the  desired  load. 

58  When  the  quantity  is  great,  the  capacity  fixes  the  width  and 
in  this  case  also  the  speed  should  be  as  slow  as  possible.  A  slow 
speed  belt  may  be  loaded  more  deeply  than  one  at  high  speed  and 
when  a  narrow  belt  is  run  much  above  the  advisable  speed,  the  load 
thins  out  and  the  capacity  does  not  increase  as  the  speed. 

59  The  maximum  length  of  the  different  widths  of  conveyors  is 
determined  by  the  fiber  stress  in  the  belt  and  is  therefore  closely 
related  to  the  load  and  speed.  Naturally  level  conveyors  may  be 
built  longer  than  those  lifting  material.  Conveyors  1000  ft.  from 
center  to  center  handling  400  tons  per  hour  have  been  most  satisfac- 
torily operated. 

60  Another  important  factor  in  the  design  of  conveyors  at  high 
speed,  handling  large  quantities,  is  the  flow  of  material  in  the  chutes. 
A  36  in.  conveyor  handling  750  tons  of  coal  per  hour  with  a  belt  speed 
of  750  ft.  per  minute  under  a  10  000  ton  pocket  could  not  be  loaded 
from  a  single  chute,  because  it  was  not  possible  for  the  coal  to  attain 
a  speed  of  750  ft.  per  minute  in  the  chute.  It  was  necessary,  there- 
fore, in  order  to  obtain  a  full  load  to  open  seven  gates,  each  placing 
a  layer  of  coal  on  the  belt  until  the  desired  load  was  obtained.  Dur- 
ing a  test  this  belt  carried  about  800  tons  per  hour. 

POWEB  REQUIRED 

61  The  power  required  to  drive  a  belt  conveyor  depends  on  a 
great  variety  of  conditions  such  as  the  spacing  of  idlers,  type  of  drive, 
thickness  of  belt,  etc. 

62  In  figuring  the  power  required,  it  is  important  to  remember 
that  the  belt  should  be  run  no  faster  than  is  required  to  carry  the 
desired  load.  If  for  any  reason  it  is  necessary  to  increase  the  speed, 
the  figure  taken  for  load  should  be  increased  in  proportion  and  the 
power  figiu*ed  accordingly.  In  other  words,  the  power  should  always 
be  figured  for  the  full  capacity  at  the  chosen  speed,  as  follows: 
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C  =  Power  constant  from  table. 
T  =  Load  in  tons  per  hour. 
L  »  Length  of  conveyor  between  centers  in  feet. 
H  =  Vertical  height  in  feet  that  material  is  lifted. 
S  =  Belt  speed  inieet  per  minute. 
B  =  Width  of  belt  in  inches. 
For  level  conveyors, 

„ ^       CXTXL 
11.  p.  ■ 


For  incline  conveyors 
H.  p. 


1000 


CXT XL        T  X  H 

1000  1000 


Add  for  each  movable  or  fixed  tripper  horse  power  in  colunm  3 
of  table. 

Add  20  per  cent  to  horse  power  for  each  conveyor  under  60  ft. 
in  length. 

Add  10  per  cent  to  horse  power  for  each  conveyor  beteeen  60  ft. 
and  100  ft.  in  length. 

The  above  figures  do  not  include  gear  friction,  should  the  con- 
veyor be  driven  by  gears. 

TABLE  3     POWER  REQUIRED  FOR  GIVEN  LOAD 


1 

2 

3 

4 

5 

c 

WMtK  rJ         ^°'    material 
™7.             weighing  from 
*        25  lb.  to  76  lb.  per 

1            cu.  ft. 

C 

for    material 

weighing  from 

75  lb.  to  125  lb. 

per  cu.  ft. 

H.P. 
required  for       ^^^^    -    Maximum 
each  movable            ^^          ■     ,.^  ^^  ^^^ 
or    fixed       *^ 
tripper                              ! 

12                       .234 
14                       .226 
16                       .220 
18                       .200 
20                       .205 

22                       .100 
24                        . 195 
26                        .187 
28                       .175 
30                       .167 

32        ,                .163 
34                        .161 
36        ^               .157 

.147 
.143 
.140 
.138 
.136 

.133 
.131 
.127 
.121 
.117 

.115 
.114 
.112 

f 
1 
U 

1* 

2 

2i 

2* 

3 

3i 

3 
3 

4 
4 
4 

5 
5 
5 
5 
6 

6 
6 
6 

4 
4 
5 
5 
6 

6 
7 
7 
8 
8 

0 
10 
10 
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63  With  the  load  and  the  size  of  material  known,  choose  from 
the  capacity  table  the  proper  width  of  belt  and  proper  speed.  The 
above  formulae  give  the  horse  power  required  for  the  conveyor  when 
handling  the  given  load  at  the  proper  speed.  With  the  horse  power 
and  the  speed  known,  the  stress  in  the  belt  should  be  figured  by  the 
following  formula  in  order  to  find  the  proper  number  of  plies.    Stress 

in  belt  in  pounds  per  inch  of  width  «  ——^ i:r —     With  this 

value  known,  the  number  of  plies  may  be  determined,  using  20  lb. 
per  inch  per  ply  as  the  maximum.  The  columns  four  and  five  of 
Table  3  give  the  maximum  and  minimum  advisable  plies  of  the 
different  widths  of  belt.  Belts  between  these  limits  will  trough 
properly  and  will  be  stiff  enough  to  support  the  load.  The  maxi- 
mum number  of  plies  determines  the  maximum  length  for  each 
width  of  conveyor. 

ARRANGEMENT   OF   CONVEYORS 

64  Fig.  13,  A,  shows  in  outline  the  simplest  form  of  level  conveyor 
receiving  material  at  one  or  more  points  and  discharging  over  the 
end  pulley. 


P^ 


c 
Fia.  13    Diagrams  op  Different  Types  op  Conveyors 

65  In  Fig.  13,  B,  the  material  is  received  at  one  end  and  discharged 
at  any  point  in  the  length  by  a  movable  tripper.  The  tail  end  is 
usually  depressed  as  shown  so  that  the  belt  will  not  be  raised  against 
the  loading  chute  by  the  tripper  when  discharging  near  the  tail  end 
as  shown  in  dotted  lines.  Fig.  13,  C,  is  a  level  conveyor  with  a 
series  of  fixed  dumps. 
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66  Fig.  14,  A,  shows  the  simple  inclined  conveyor.  Practically 
any  material  may  be  carried  up  20  deg.  to  the  horizontal  when  run  at 
proper  speed  and  with  correctly  designed  chutes.  With  sized 
material,  such  as  sand,  crushed  ore,  stone  or  coal,  the  angle  may  be 
increased  to  22  deg.  and  under  some  conditions,  even  more.  When 
elevating  material  containing  large  lumps,  the  lumps  have  a  tendency 
to  roll  back  on  the  layer  of  fines  so  that  the  angle  should  not  be  over 
20  deg.  When  handling  round  material,  such  as  cement  clinkers 
from  rotary  kilns,  the  angle  should  be  from  12  deg.  to  15  deg.  maxi- 
mum. Inclined  conveyors  should  not  be  run  at  high  speeds,  as 
the  material  must  be  given  the  same  speed  as  the  belt  and  the  higher 
the  speed  the  more  the  slip  at  the  loading  point  and  the  greater  the 
wear  on  the  belt. 


'^/^/r^/^/^ 


Fig.  14    Diagrams  of  Inclined  Convetors 

67  Fig.  14,  B,  is  the  combination  of  inclined  and  level  conveyor 
which  is  largely  used.  Where  the  belt  passes  from  the  incline  to  the 
level  it  should  not  pass  over  a  troughing  idler  but  over  a  high  crowned 
pulley.  This  flattens  the  belt  out  at  the  bend  and  the  material  will 
leave  the  belt  on  a  trajectory  and  land  on  the  level  portion  with  no 
spill,  because  belt  and  material  are  moving  at  the  same  speed. 

68  It  is  frequently  advio  rsable  tun  conveyors  on  a  vertical  curve. 
Kg.  14,  C,  illustrates  the  combination  of  curved  and  level  conveyor. 
The  radius  of  the  curve  depends  on  the  size  of  the  belt,  location  of 
the  drive  and  the  local  conditions.     It  is  possible  so  to  design  these 
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conveyors  that  the  belt  will  touch  the  troughing  idlers,  whether 
loaded  or  light.  Should  the  belt  lift  off  the  idlers  on  the  curve,  it 
reduces  the  driving  tension  on  the  belt,  which  should  be  avoided. 
Fig.  15  is  a  photograph  of  the  lower  end  of  a  conveyor  on  a  curve. 

69  Fig.  16  is  a  photograph  showing  the  discharge  from  a  level  con- 
veyor to  the  inclined  portion  of  another,  and  illustrates  the  method  of 
making  the  bend  and  the  action  of  the  material  at  this  point. 

70  Fig.  17,  A,  shows  the  combination  of  level  conveyor,  fixed 
dump,  inclined  conveyor  and  a  number  of  fixed  trippers.     Frequently 


Fig.  15    Lower  End  or  Conveyor  on  Curve 

it  is  not  possible  to  obtain  the  room  required  for  the  curve  belts,  so 
the  fixed  dump  is  used.  The  material  is  discharged  from  the  upper 
pulley  of  the  dump  into  a  chute  feeding  the  inclined  portion  of  the 
same  belt.  The  fixed  and  movable  trippers  may  be  used  with  any 
of  the  above  combinations  where  a  portion  of  the  conveyor  is  level 
or  not  inclined  over  7[deg. 
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71  Fig.  17,  B,  is  a  diagram  of  still  another  combination,  in  which 
the  conveyor  starts  level,  carries  material  down  hill  with  an  incline 
and  curve  and  then  runs  level  again.  Fig.  18  is  a  photograph  of  such 
a  conveyor  receiving  material  from  the  hoisting  towers  in  the  distance 


Fig.  16     Dischabob  from  Level  to  Inclined  Comvstor 

and  running  down  hill  in  a  concrete  passageway  under  railroad  tracks 
and  highway. 


Fio.  17    Diagrams  Showing  Combination  Types 

72    Fig.  19  is  a  photograph  of  the  conveyor  dredge  used  to  deepen 
Pox  River,  Wisconsin.    The  endless  chain  of  buckets  dig  the  mud,  clay. 


Digitized  by  VjOOQIC 


208 


THE    BELT  CONVEYOR 


rock,  etc.,  from  the  river  bed,  discharging  to  a  32  in.  conveyor  carried 
by  the  dredge.  Three  other  conveyors  mounted  on  scows  carry  the 
material  to  either  shore,  as  may  be  desired,  with  but  the  one  handling. 
The  conveyors  first  used  on  this  dredge  were  not  satisfactory,  owing 
to  incorrect  design,  and  they  were  rebuilt  last  year,  one  conveyor  being 
equipped  with  rubber  belt  and  three  with  Balata  Belt.  The  latter 
proved  more  satisfactory,  owing  to  its  wa1?er  proof  qualities. 

73     Fig.  20  illustrates  a  large  coal  storage  plant.    The  coal  is 
hoisted  from  vessels  by  the  towers  on  the  dock  and  fed  to  a  36  in.  con- 


Fia.  18    CoNVBTOR  Running  in  Concrete  Sub>passagkway 

veyor  about  600  ft.  long  back  of  the  hoisting  towers.  This  conveyor 
discharges  to  one  running  along  the  end  of  the  pile,  about  300  ft,  in 
length,  discharging  to  the  tail  of  the  inclined  conveyor  about  500  ft. 
long,  to  the  left  of  the  photograph.  A  50-f t.  conveyor  carries  the  ma- 
terial from  the  top  of  the  incline  to  the  centerof  the  pivot  point  of  the 
bridge.  A  chute  at  this  point  feeds  the  500  ft.  tripper  line  carried  by  the 
bridge.  The  bridge  swings  through  180  deg.  and  the  travel  of  the 
bridge  and  the  movement  of  the  tripper  the  length  of  the  bridge  con- 
veyor makes  it  possible  to  receive  coal  at  any  point  along  the  dock  and 
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store  it  at  any  desired  location  in  the  storage  space.  The  first  two 
conveyors  are  driven  from  their  head  ends.  The  inclined  belt  is 
driven  at  the  foot  of  the  incline.  The  short  belt  at  the  top  is  driven 
by  gears  and  chain  from  the  head  of  the  conveyor  feeding  it.  The 
bridge  conveyor  is  driven  from  the  tail  or  loading  end.  All  the 
motors  are  so  wired  that  they  may  be  stopped  from  any  point  along 
the  line  by  means  of  push  buttons.  This  system  has  a  capacity  of 
about  700  tons  of  mine  run  coal  per  hour  and  has  handled  in  the  past 
three  seasons  nearly  one  and  a  quarter  million  tons. 

74  This  paper  has  been  presented  mainly  to  acquaint  the  engineers 
who  are  designing  plants  with  the  possibilities  of  the  belt  conveyor 
for  handling  heavy  abrasive  materials,  and  to  give  them  some  data 
which  will  be  of  service  in  the  preparation  of  preliminary  designs.  No 
one  type  of  conveyor  is  perfect  for  handling  every  material.  Each 
has  its  field,  but  it  may  be  fairly  said  that  it  has  become  universal 
practice  to  use  belt  conveyors  in  places  where  ten  years  ago  only  chains 
were  considered. 

75  The  ancient  idea  that  only  conveyors  made  of  iron  or  steel 
could  handle  coal,  ore,  stone,  etc.,  has  been  exploded  and  the  follow- 
ing is  a  list  of  the  materials  that  belt  conveyors  are  most  satisfac- 
torily handling: 

Coal  in  all  sizes  at  the  mine  and  in  industrial  plants. 

Stone  in  crushing  plants,  etc. 

Sand  and  gravel  in  washing  plants,  etc. 

Concrete  materials  in  mixing  plants. 

Mixed  concrete  from  mixers  to  forms. 

Ore,  both  run  of  mine  and  crushed  in  concentrating  plants, 

crushing  plants,  reduction  works,  etc. 
Earth,  rock,  clay,  etc.,  in  dredging  and  excavating  operations. 
Cement  rock  and  other  materials  in  cement  mills. 
Wood  chips  and  pulp  in  pulp  mills. 

Small  packages  in  shipping  rooms  of  stores,  and  express  depots. 
Salt  and  chemicals. 

76  The  writer  does  not  claim  that  the  belt  conveyors  are  the  pan- 
acea for  all  the  ills  of  the  conveyor  user,  but  when  properly  designed 
and  installed,  they  fully  justify  the  following  claims: 

a  Large  capacity  with  low  power  requirements. 

b  Small  maintenance  charges.    Belts  will  last  from  3  to  8 

years  dependent  on  the  duty.     Idlers  and  drives  10  to  15 

years. 
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e  Freedom  from  shut  down,  as  there  are  no  links  to  break  and 
a  belt  will  give  months  of  warning  before  giving  out. 

d  Light  weight,  resulting  in  lighter  structures  and  saving  in 
freight,  particularly  in  ocean  shipment  and  at  isolated 
mining  plants. 

e  Complete  separation  of  the  material  carried  from  the  moving 
parts — the  material  coming  in  contact  only  with  the  belt. 

/  Perfect  alignment  is  not  absolutely  necessary  as  is  the  case 
with  most  other  conveyors.  The  long  incline  conveyor 
to  the  left  of  Fig.  20  was  built  on  a  swamp.  The  two  bents 
near  the  head  tower  shifted  10  in.  and  the  conveyor  was 
operated  in  this  condition  for  nearly  one  month  with  no 
trouble  or  damage  to  the  apparatus. 

g  Owing  to  light  weight  and  the  fact  that  perfect  alignment 
is  not  necessary,  they  may  be  made  up  in  portable  sections, 
which  are  in  great  demand. 

h  Large  overload  capacities. 

77  The  above  claims  are  based  not  on  a  few  months'  research,  but 
on  years  of  service  as  a  mechanical  engineer  with  one  of  the  large 
anthracite  coal  mining  companies  and  over  eight  years  devoted 
entirely  to  the  design,  manufacture  and  installation  of  belt  conveyors, 
the  early  years  being  pioneer  work  when  the  industry  was  in  its 
infancy. 

78  In  choosing  illustrations  for  this  paper,  preference  has  been 
given  to  the  line  drawings  and  photographs  illustrating  parts  of  con- 
veyors rather  than  those  which  show  complete  installations,  as  the 
object  has  been,  not  to  describe  existing  plants,  but  to  bring  out  the 
principles  of  the  mechanism.  Acknowledgment  is  due  the  companies 
who  have  consented  to  the  use  of  photographs  taken  at  their  plants. 

Note.— The  discussion  on  this  paper  and  the  author's  closure  are  published 
under  Discussion  on  the  Conveying  of  Materials,  No.  1195,  in  this  vohime. — 
Thb  Editor. 
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CONVEYING    MACHINERY  IN     A    PORTLAND 
CEMENT  PLANT 

Bt  C.  J.  ToMLiNSONi  Nbponbbt,  III. 
Non-Member 

In  the  general  expansion  of  industries  experienced  during  the  past 
few  years,  the  larger  works  have  presented  a  favorable  field  for  the 
increased  use  of  the  labor  saving  devices  for  the  transportation  of 
materials.  These  devices  are  to  a  large  extent  machines  that  have 
been  in  use  in  some  industries  for  a  number  of  years,  and  in  these 
locations  have  given  long  and  eflScient  service.  But  under  the  new 
conditions,  operating  under  increased  capacities,  with  heavier  or 
more  exacting  duties,  inherent  defects  develop  that  have  been  of 
small  consequence  in  their  former  uses;  and  it  is  expedient  to  study 
this  machinery  with  a  view  to  deciding  on  a  more  economical  or 
intelligent  use  of  it. 

2  The  problem  of  the  proper  form  of  convejdng  machinery  is  often 
of  most  fundamental  importance,  preliminary  to  the  design  of  works 
involving,  in  a  measure,  the  cost  and  arrangement  of  buildings  and 
the  care,  repair,  and  use  of  the  machinery  served. 

3  There  are  a  number  of  conveying  devices  in  use  in  certain  indus- 
tries that  have  apparently  ^ven  most  satisfactory  results,  and  it  is 
therefore  natural  for  one  to  resort  to  them  for  use  in  works  that  involve 
the  conveying  or  elevating  of  quantities  of  loose  materials.  The  de- 
vices referred  to  are:  the  belt  conveyor,  the  screw-conveyor,  the  chain 
and  bucket  elevator,  and  the  chain  and  bucket  conveyor  carrying  or 
dragging  the  material  with  either  buckets  or  flights. 

4  This  machinery  is  being  tested  out  in  the  portland  cement  plant 
under  conditions  that  are  of  utmost  interest  to  engineers,  involving 
as  they  do  the  question  of  the  economical  limit  of  their  use. 

5  Of  these  devices,  the  belt  conveyor  occupies  a  leading  place, 
and  it  has  given  good  results  when  handling  grain  or  any  material 
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not  heated,  sticky,  or  light  enough  to  be  objectionably  dusty.  It 
makes  a  convenient  conveyor  for  contractors'  viae  as  it  does  not  require 
expensive  supports,  or  much  care  in  their  erection. 

6  When  used  in  permanent  constructions  it  should  be  erected  on 
well  supported  rails,  elevated  enough  above  the  floor  to  allow  for 
convenient  cleaning  up  imder  it.  In  finely  powdered  materials  the 
amount  carried  over  and  dislodged  from  the  face  of  the  belt  at  the 
leading  return  rolls  will  make  it  desirable  for  these  rolls  to  be  ele- 
vated enough  above  the  floor  to  allow  a  noticeable  heap  to  accumulate, 
before  interfering  with  the  rolls. 

7  Where  the  conveyor  is  used  over  bins,  as  in  cement  stock  houses, 
it  is  often  arranged  without  a  floor  beneath  the  belt  and  with  the 
oiler's  walkway  composed  of  a  number  of  narrow  planks,  spaced  enough 
apart  to  prevent  a  great  accumulation  of  the  spill  on  them.  This 
is  a  somewhat  slovenly  arrangement,  but  it  is  such  a  disagreeable 
place  to  work  in  these  galleries,  owing  to  the  dust  from  the  tripper, 
that  it  is  expedient  to  prevent  the  necessity  of  cleaning  up  as  much  as 
possible. 

8  If  the  canying  rolls  of  a  conveyor  are  properly  set,  guide  rolls 
will  not  be  needed,  and,  as  the  belt  is  the  largest  item  of  expense,  care 
should  be  taken  to  prevent  undue  straining  of  it  around  small  pulleys, 
by  using  high  angle  troughing  rolls,  or  by  placing  them  dose  to  a  foot 
or  head  pulley. 

9  In  the  arrangement  of  spouts  or  tripper  boxes,  a  study  of  the 
characteristics  of  the  material  carried  should  be  made.  Occasionally 
it  occurs,  as  is  the  case  with  the  raw  material  used  in  cement  making, 
that  it  is  dry  and  dusty;  and  again  damp  and  sticky;  and  a  spout 
that  will'  deliver  the  damp  material  will  be  unduly  destructive  on  the 
belt  when  the  material  is  running  dry.  A  pocket  of  the  material, 
provided  to  take  the  wear  in  an  angle  in  a  spout  or  in  a  box,  is  partic- 
ularly liable  to  give  trouble  in  a  sticky  material. 

10  The  maximum  angle  at  which  a  belt  conveyor  will  elevate  is 
largely  determined  by  the  angle  of  repose  of  the  material,  and  also 
somewhat  by  the  nature  of  the  same;  as  for  instance,  a  material  con- 
taining a  large  percentage  of  spherical  bodies  having  a  tendency  to 
roll.  In  order  to  prevent  the  slight  jar  imparted  to  the  material 
through  a  belt  by  the  carrying  rolls,  they  should  be  spaced  consider- 
ably closer  on  a  steep  incline  than  would  be  necessary  on  the  level; 
and  care  should  be  taken  to  insure  their  being  in  good  alignment. 
If  large  diameter  return  rolls  are  used,  they  may  be  spaced  farther 
apartthanhasbeenusual,andadistanceof  20  to25  ft.  is  not  too  great. 
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11  When  handling  a  material  that  is  very  dusty,  or  is  explosive, 
as  for  instance  powdered  coal,  or  where  the  head  room  is  much  re- 
stricted, the  screw  conveyor  has  given  good  results;  but  on  account  of 
tiie  weight  and  grittiness  of  the  materials  handled  in  portland  cement 
work,  it  does  not  give  the  satisfaction  it  has  given  in  other  industries. 
It  has  the  inherent  defect  that  it  shoves  or  drags  the  material  and  does 
not  carry  it,  and  is  essentially  a  special  machine,  to  be  resorted  to  only 
when  it  is  evident  that  other  conveyors  can  not  be  used.  Thechainand 
bucket  elevator,  using  a  single  heavy  bushed  chain  and  overlapping  or 
contiQuous  buckets,  has  been  used  for  crushed  rock,  coal  and  clinker. 
It  is  usually  a  slow  speed  machine  having  a  chain  speed  of  80  to 
120  ft  per  minute.  The  high  speed  centrifugal  discharge  elevator 
is  more  suited  for  lighter  materials,  or  for  contractors'  use,  although 
it  has  been  used  considerably  in  powdered  materials  or  in  cement. 

12  When  arranging  the  drives  for  several  elevators  and  conveyors, 
as  in  a  coal  grinding  room  where  storage  bins  are  provided  over  the 
machines,  a  simple  arrangement  of  light  drives  from  a  line  shaft  is  im- 
practicable. This  is  especially  true  if  it  is  wished  to  take  advantage  of 
the  storage  space,  in  preventing  a  general  shut  down  in  case  of  an 
accident  to  the  machinery.  A  study  of  the  requirements  raises  the 
question  as  to  the  advisability  of  placing  bins  below  as  well  as  above 
this  machinery. 

13  The  large  amount  of  dust  in  the  air  of  a  grinding  room  often 
causes  belts  or  ropes  to  give  trouble.  The  slow  speed  of  revolution 
of  the  various  head  shafts  is  also  a  factor  in  the  simple  arrangement 
of  motors,  and  as  far  as  possible  it  is  expedient  to  isolate  the  latter 
in  motor  rooms.  The  small  air  gap  of  induction  motors  makes  them 
somewhat  unsafe  in  the  presence  of  so  much  gritty  dust,  while  the 
models  with  larger  air  gaps  are  expensive. 

14  The  use  of  the  pivoted  bucket  conveyor  often  simplifies  the 
arrangement  of  drives.  These  machines,  as  ordinarily  built,  can  be 
fed,  or  will  deliver,  at  any  point  along  the  upper  or  lower  runs,  and  will 
also  elevate  perpendicularly,  combining  in  one  machine  the  elevators 
and  conveyors  required  to  serve  a  number  of  machines.  The  long 
links— usually  18  in. — eliminate  some  of  the  difficulties  due  to  wear  and 
uneven  pitch  experienced  in  the  ordinary  chain  and  sprocket  drive. 
It  is  not  practicable  to  enclose  this  machine  in  casings  for  use  in 
powdered  materials. 

15  This  type  has  found  increased  favor  among  manufacturers  of 
cement,  owing  to  its  ability  to  handle  heated  material,  although  it 
has  signally  failed  to  give  satisfaction  in  handling  a  product  as  highly 
heated  as  the  clinker  falling  directly  from  the  kilns. 
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16  The  devices  mentioned  are  continuous  and  automatic  in 
operation,  but  present  several  limitations  in  their  design.  They  are 
composed  of  a  number  of  small  parts  and  journals  so  placed  as  to  be 
dependent  on  the  failure  of  any  one  part. 

17  They  do  not  incorporate  a  means  for  measuring  the  production 
of  each  of  a  number  of  machines  being  served,  nor  will  they  serve  in 
preparing  a  compound  of  materials,  as  in  a  location  under  a  series  of 
bins,  from  any  of  which  it  is  desired  to  draw  a  certain  proportion  of 
material. 

18  The  small  trucks  are  excessively  heavy  for  the  load  they  carry, 
and  have  a  mechanical  efficiency  as  proportionately  low  as  that  of 
the  modem  large  size  freight  car  is  high.  On  account  of  the  conditions 
imposed  in  cement  manufacture  I  have  offered  reasons  for  advising  the 
use  of  heavy  skip  hoists  and  scale,  transfer  cars,  similar  to  those  in 
use  in  blast  furnace  work.^ 

19  Such  devices  require  buildings  of  increased  cost,  owing  to 
the  height  necessary  to  provide  storage  space  beneath  and  over  the 
machines;  and  also  the  elevation  of  these  bins  to  admit  the  large 
scale  car  beneath  them. 

20  In  return  they  offer  data  for  comparing  performances  of  a  num- 
ber of  types  of  machines,  records  of  the  different  shifts  of  operatives, 
and  an  interchangeable  and  flexible  conveying  equipment  that  is  a 
great  aid  in  repairing  and  maintaining  heavy  grinding  machinery 
that  is  required  to  run  continuously,  for  an  indefinite  period. 

21  As  they  are  non-automatic  they  will  not  compare  favorably 
with  their  automatic  rivals  when  handling  a  moderate  tonnage; 
but  where  a  given  system  is  called  upon  to  handle  30  to  40  tons  per 
hour  and  over,  the  smaller  machines  require  attendants  enough  to 
balance  the  increased  attention  required  by  the  scale  cars,  and  the 
mechanical  efficiency  of  the  devices  becomes  a  controlling  factor. 

Note — The  discussion  on  this  paper  and  the  author's  closure  are  published 
under  "Discussion  on  the  Conveying  of  Materials",  No.  1196  in  this  Volume. 

— ^Editor. 

^Engineering  News,  February  13,  1908. 
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PERFORMANCE  OF  BELT  CONVEYORS 

Bt  Edwin  J.  Haddock,  Columbus,  Ohio 
Member  of  the  Society 

Of  the  half  dozen  forms  of  conveyors  commonly  used  for  handling 
material  in  bulk,  or  for  continuous  conve3dng,  one  of  well  deserved 
and  increasing  popularity  on  accoimt  of  its  capacity,  economy  of 
power,  noiselessness,  and  gentle  handling  of  its  load,  is  the  belt  con- 
veyor. 

2  ThiB  form  of  conveyor  is  a  very  efficient  means  of  conveying  coal, 
crushed  ores,  grain,  small  goods  in  packages,  etc.,  when  the  transpor- 
tation is  in  a  straight  line,  either  horizontal,  or  inclined  at  an  angle 
not  exceeding,  in  good  practice,  20  deg. 

3  Some  experiments  with  belt  conveyors,  made  some  time  ago  by 
the  company  with  whom  the  writer  is  connected,  may  be  of  interest. 
Data  relating  to  the  following  points  were  desired: 

a  Other  conditions  remaining  the  same,  what  will  be  the  effect 

on  the  traction  of  changing  the  diameter  of  the  driving 

pulley? 
b  What  is  the  effect  of  different  arcs  of  contact  on  the  tractive 

force  exerted  by  the  driving  pulley? 
c  What  is  the  effect  of  different  initial  tensions  of  the  belt  on 

the  tractive  force? 
d  What  is  the  value  of  rubber  covered  pulleys  as  compared 

with  plain  ones? 

4  An  experimental  belt  conveyor  was  constructed  as  shown  by 
Fig.  1  and  Fig.  2,  This  conveyor  was  driven  by  a  220  volt  d.c. 
motor,  and  the  driving  machinery  was  calibrated  for  torque  as  shown 
in  Fig.  3  and  Fig.  4. 

PreaeDted  at  the  Detroit  Meeting  (June  1908)  of  The  American  Society  of 
Mechanical  Engineen. 
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5    A  prony  brake  was  placed  on  the  head  shaft  of  the  conveyor 
(the  conveyor  belt  having  been  removed)  and  a  pair  of  platform  scales 


Motor 


Conveyor  Belt 


i» 


C 


Eia.  1 


Retarding  Brake 


1 


Tia.t 


X] "B" ^ 


Pw.  8  Pig.  4 

Experimental  Conveyor  and  Brake  for  Measuring  Torque 

placed  under  it,  as  shown  in  the  illustrations.  A  d.c.  voltmeter  and 
ammeter  were  placed  in  the  electric  circuit,  and  the  readings,  shown 
in  Table  1,  taken,  from  which  the  calibration  curves.  Fig.  5,  were 
constructed,  by  which  the  torque  on  the  head  shaft  may  be  determined 
from  any  reading  of  the  ammeter,  the  voltage  being  kept  at  220. 

TABLE  I    CALIBRATION  OF  DRIVING  GEAR 


Sealee  lo«d 


0 

25 

50 

75 

100 

125 
150 
175 
200 


Torque  12  in. 
radius 


0 
225 
450 
675 
900 

1125 
1350 
1575 
1800 


Amperes,  aver- 
ago  four  obeer- 
vations 


5.0 

9.87 

14.25 

18.87 

22.75 

27.25 
32.62 
37.50 
42.00 


Volts,  average 

Watts  average 

Amperes  at 

four  observa- 

four observa- 

220volU 

tions 

vatlona 

222.0 

1110 

5.05 

225.7 

2229 

10.13 

222.5 

3170 

14.41 

220.0 

4152 

18.87 

218.0 

4960 

22.54 

216.5 

5898 

26.81 

218.0 

7112 

32.34 

213.0 

7996 

36.35 

214.0 

8088 

40.85 
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^6  A  12  in.  4-ply  conveyor  belt,  158  ft.  long,  was  placed  on  the  con- 
veyor, a  joint  being  made  by  lapping  and  riveting  the  ends.  The 
total  weight  of  the  belt  was  380  lb.,  or  2 .  405  lb.  per  foot.  The  retard- 
ing brake  was  placed  at  the  foot  shaft  of  the  conveyor. 

7    Experiment  1  was  made  to  determine  the  effect  of  changing  the 
diameter  of  the  driving  pulley.    The  tension  was  kept  constant  by 
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Fio.  5    ToBQUB  ON  Hbad  Shatt  in  Rblation  to  Ampbrbs 

EXPERIMENT    1 

measuring  the  sag  of  the  belt  when  the  conveyor  was  idle.  This 
measurement  was  made  both  before  and  after  each  test,  care  being 
taken  to  have  it  imiform  for  all  the  tests. 

8   In  all  the  tests  the  brake  on  the  foot  shaft  was  tightened  until 
the  belt  sUpped  on  the  head  pulley,  and  the  reading  was  taken  at  that 


Digitized  by  VjOOQIC 


220 


PBBFORMANCE  OF   BEI/T  CONVBTOBS 


moment.  An  average  of  at  least  four  readings  is  given  in  the  table. 
In  each  case,  the  ammeter  read  one  to  three  amperes  higher  just  before 
the  belt  slipped  than  it  did  as  the  belt  was  slipping,  the  hand  dropping 
back  to  the  reading  again. 

9    The  observations  shown  in  Table  2  show  the  effect  of  different 
diameters  of  the  driving  pxilley. 

TABLE  2    EFFECT  OF  CHANGE  IN  DIAMETER  OF  DRrVING  PULLEYS 


Order  of  teat 

Amperes  at  220  v. 

Diameter  of  pulley 
in  inohee 

Belt  slipped  at  lb. 

4 

12 

12 

720 

3 

19 

20 

855 

2 

22 

24 

855 

1 

27 

30 

895 

5 

32 

36 

010 

0 

35« 

42 

885 

10  The  initial  tension  of  the  belt  was  not  measured  in  pounds, 
care  only  being  taken  to  keep  it  uniform  as  above  describefl. 

1 1  The  belt  was  new  and  covered  with  the  usual  preservative  min- 
eral powder,  which  was  wiped  off  from  time  to  time.  This  circum- 
stance, together  with  any  possible  errors  of  tension,  would  account  for 
most  of  the  discrepancies  shown.  The  results  clearly  show  that  the 
diameter  of  the  pulleys  from  42  in.  to  20  in.  had  no  appreciable  effect 
on  the  belt  in  question  (4-ply),  but  that  a  decided  falling  off  occurred 
in  the  12  in.,  indicating  that  this  pulley  was  too  small  to  nm  with  a 
belt  of  this  thickness. 

12  From  these  data  the  writer  assumes  that  if  a  pulley  is  not  less 
than  5  in.  in  diameter  for  every  ply  of  the  belt  it  will  exert  its  maxi- 
mum tractive  force,  the  excess  diameter  above  this  being  simply  a 
matter  of  convenience  for  drive.  If  the  diameter  is  reduced  much 
below  this  amount,  the  belt  will  not  adhere  closely  to  the  pulley,  and 
therefore  the  complete  benefit  of  the  pressure  will  not  be  realized. 

EXPERIMENT  2 

13  The  second  experiment  was  made  to  determine  the  effect  of 
different  arcs  of  contact.  The  conveyor  was  arranged  as  in  Experi- 
ment 1,  but  considerable  difficulty  was  met  in  getting  the  tension 
uniform,  and  very  erratic  results  were  obtained. 

14  The  foot  shaft  was  then  rearranged,  as  shown  in  Fig.  6,  the 
driving  machinery  at  the  head  of  the  conveyor  being  used  without 
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my  change,  except  that  the  snubbing  idlers  were  modified  to  get 
the  required  arc  of  contact. 

15  With  a  42  in.  pulley  on  the  head  shaft,  a  1000  lb.  tension  weight 
at  the  foot  shaft,  the  following  results  were  obtained,  as  shown  in 
Tables. 


Weight 


FiQ.  6    Foot  Shaft  Abbanobmxnt 
TABLE  3     EFFECT  OF  DIFFERENT  ARCS  OF  CONTACT 


Arcs  of  oontaet 

Amperes 

Effeotive  pull  on 
belt  in  pound* 

Load  180  dec. 
-100 

forfln  d^                    

11 
19 
24 
32 
84 

180 
406 
650 
776 
840 

82 

WlSOdiv 

73 

|nr1f)0d^                                          .     , 

100 

|0r22^d4« 

141 

|or24nd^                

163 

16  From  this  table,  the  curve  shown  in  Fig.  7  was  constructed. 
It  will  be  noticed  that  below  the  180  deg.  contact,  the  curve  is  fairly 
a  straight  line,  but  above  this  point  there  seems  to  be  a  curve  in  which 
the  traction  increases  at  a  more  rapid  rate.  It  is  unfortunate  that 
more  observations  were  not  taken  from  the  180  deg.  line  up  to  get  the 
exact  form  of  this  curve.  Making  the  curve  a  straight  line,  however, 
throws  the  error  on  the  safe  side. 

EXPERIMENT  3 

17  Experiment  3  was  made  to  determine  the  effect  of  initial  ten- 
Mon  on  the  tractive  force:  With  the  same  arrangement  of  conveyor 
u  in  Experiment  2,  including  the  42  in.  pulley  on  the  head  shaft,  and 
the  snubbing  idler  arranged  to  give  a  contact  of  180  deg.  on  the  drive 
pdley,  different  tension  weights  were  hung  on  the  foot  of  the  conveyor 
mm!  the  readings  shown  in  Table  4  were  obtained. 

18  The  tests  are  given  in  the  order  made.  When  the  2000  lb. 
wei^t  was  applied,  the  belt  stretched  abnormally  from  its  length 
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under  the  1500  lb.  weight,  the  additional  500  lb.  causing  the  belt  to 
elongate  about  3  ft.  in  the  total  length  of  158  ft.  The  belt  then  seemed 
to  stop  stretching,  and  remained  at  a  constant  length  until  the  load 
was  removed.  As  the  weight  was  reduced  gradually  to  750  lb.,  the 
belt  recovered  15  in.  of  this  stretch,  while  the  weight  of  3000  lb. 
caused  the  belt  to  stretch  8  in.  longer  than  the  2000  lb.  weight  had 
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Fig.  7     Curvb  Plotted  from  Table  3 

done.  The  belt  was  then  run  under  this  tension  for  a  period  of  30 
minutes  without  changing  its  length  to  any  appreciable  degree.  The 
belt  strain  of  1500  lb.,  caused  by  the  application  of  a  3000  lb.  weight, 
is  equivalent  to  a  stress  of  31.25  lb.  per  inch  per  ply.  No  reason 
appears  against  using  40  lb.  per  inch  width  per  ply  (the  manufactur- 
ers' guarantee)  as  to  the  ultimate  working  strength  of  any  rubber  con- 
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Yeyor  belt.    This  is  the  maximum  value  which  should  be  allowed  in 
the  general  equations  following. 

19  From  Table  4  Fig.  8  was  constructed,  which  shows  the  various 
belt  strains  when  the  arc  of  contact  is  180  deg.,  and  the  initial  tension 
on  the  belt  is  known. 


TABLE  4      EFFECT  OF  DIFFERENT  TENSIONS  ON  THE  SAME  PULLEY 


1 

bbi;t 

BTRAIN 

Tttiiao  weight 

Initial   belt 

Amperes 

Effectiya  pull 

tension 

on  belt 

]lfp.Ttfniim 

M^'^J"1M«n 

650 

326 

14.0 

260 

466 

106 

800 

400 

16.6 

330 

666 

236 

1300 

050 

24.0 

660 

026 

376 

1500 

760 

20.0 

000 

1096 

406 

2000 

1000 

38.0 

060 

1476 

626 

1500 

760 

31.0 

760 

1126 

376 

1250 

625 

26.0 

676 

913 

837 

1000 

600 

22.0 

400 

746 

266 

750 

376 

18.0 

370 

660 

190 

3000 

1600 

66.0 

1460 

2226 

776 

EXPERIMENT  4 

20  Experiment  4  was  made  to  determine  the  relative  value  of 
rubber  faced  vs.  iron  faced  pulleys.  A  24  in.  rubber  covered  pulley 
was  compared  with  a  24  in.  iron  faced  pulley,  on  the  experimental 
conveyor,  with  180  deg.  arc  of  contact,  and  a  tension  weight  of  2000  lb. 
throwing  an  initial  strain  of  1000  lb.  on  the  belt,  the  results  shown  in 
Table  5  were  obtained,  or  7  per  cent  in  favor  of  the  rubber  faced  pulley 
when  the  belt  was  clean  and  dry. 


TABLE  6    EFFECT  OF  RUBBER  FACING  ON  PULLEYS 


Amperee 


Traction 
pounds 


Per  cent 


MiB.iroQffteedpuIIe3rs 

'♦fa.  rubber  fftced  pulleys. 


24 
2M 


960 
1036 


100.0 
107.8 


21  This  experiment  was  performed  at  two  different  times,  with 
4n  interval  of  several  weeks  between,  and  with  substantially  the  same 
results.  In  order  to  carry  it  a  little  further,  the  device  shown  in  Fig. 
9  was  provided  to  determine  the  effect  of  different  conditions  of  the 
Wt  surface  on  rubber  and  iron  faced  pulleys. 
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G.  8    Plotted  from  Table  4 


Fio.  9    Apparatus  to  Tbot  Friction  on  Pullbts 


Digitized  by  VjOOQIC 


PEBFORMANCX  OF  BBI/T  CONVBTORS  225 

22  In  this  figure,  W  represents  a  heavy  weight  on  the  platform 
scales;  £  is  a  6  in.  3-ply  rubber  belt;  P  is  a  24  in.  iron  or  rubber  faced 
pulley;  u;  is  a  small  tension  weight;  and  L  is  a  hand  lever  by  which  the 
pulley  was  rotated.  When  the  pulley  was  rotated  slowly  by  hand,  in 
the  direction  of  the  arrow,  the  scales  would  indicate  the  amount  of 
weight  not  lifted  by  the  traction  of  the  belt,  and  hence  the  belt  trac- 
tion could  be  computed.  The  results  are  shown  in  Tables  6,  7  and 
8,  which  also  show  the  effect  of  foreign  material  between  the  belt  and 
pulley. 

23  When  foreign  material  was  introduced  between  the  belt  and 
the  pulley  it  seemed  to  crush  in  between  the  two  surfaces,  so  that  if 
it  was  of  a  gritty  or  abrasive  nature,  it  increased  the  tractive  force, 
while  a  material  which  acted  more  or  less  as  a  lubricant,  diminished 
that  force.  The  abrasive  material  scratched  the  belt  very  much,  and 
gave  evidence  of  shortening  its  life. 

24  From  the  foregoing  experiments,  the  following  general  equa- 
tions for  traction  may  be  deduced: 


Fig.  10    Conveyor  Diagram 


THEORETICAL  BELT  CONVEYOR 

Let  Fig.  10  represent  such  a  conveyor 
At  the  driving  or  head  pulley 
B,  the  driven  or  foot  pulley 
Tf  the  maximum  pull  on  belt 
T^f  the  minimum  pull  on  belt 
F,  the  tractive  force  exerted  by  the  pulley  A 
T^  the  initial  tension  of  belt 
i  the  portion  of  the  pulley  in  contact  with  the  belt 
arc  of  contact  in  de^^'ees 
"  300 

^  c  is  a  constant  depending  on  the  arc  of  contact  '^  2  from  0  to 
180  deg.,  and  about  2.26  at  240  deg.  For  practical  purposes,  c  may 
betaken  at  2  for  all  arcs  and  the  errors  will  be  on  the  safe  side. 

26  J;  is  a  constant  depending  on  the  condition  of  the  belt  «  1  for 
P>od  dry  belts,  but  will  vary  from  40  per  cent  to  200  per  cent  of  this 
value  under  different  conditions.     (See  Tables  6,  7  and  8.) 
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TABLE  6    IRON  FACED  PULLEY 


Scales  load 
W  -  227 


Tractioo 
lb. 


Clean  dry  belt i 

Clean  damp  belt i 

Dry  coal  dust 

Damp  coal  dust 

Dry  clay 

I 

Damp  clay | 

Dry  slate 

Damp  slate 

Dry  sharp  sand , 

Damp  sharp  sand 


153 
141 
142 
117 
97 

85 
90 
130 
65 
95 


TABLE  7  RUBBER  FACED  PULLEY 


Scales  load 
W  -  327 


Net  weight  i      Counter 


lifted 
lb. 


weight  w 
lb. 


Tractioo 
lb. 


Clean  dry  belt. .  . 
Clean  damp  belt. 
Dry  coal  dust. . . . 
Damp  coal  dust. . 
Dry  clay 


Damp  clay 

Dry  slate 

Damp  slate 

Dry  sharp  sand.  . 
Damp  sharp  sand. 


109 
120 
152 
195 
190 

175 

63 

50 

152 

152 


218  I 
207 

175  I 

132  ' 

137  ' 

152  I 

264  I 

277  I 

175  i 
175 


52 
52 
52 
52 
52 

52 
52 
52 
52 
52 


160 

155 

123 

80 

85 

100 
212 
225 
123 
123 


TABLE  8    TRACTION  OF  IRON  FACED  VS.  RUBBER  FACED  PULLEY 


Iron  faced 
lb. 


Rubber  faced 
lb. 


Iron  faced 
per  cent 


Rubber  faced 
per  cent 


Ratio 
Iron  -  100 


Clean  dry  belt. . . 
Clean  damp  belt. 
Dry  coal  dust. . . . 
Damp  coal  dust. . 
Dry  clay 


Damp  clay 

Dry  slate 

Damp  slate 

Dry  sharp  sand. . . 
Damp  sharp  sand. 


153 
141 
142 
117 
97 

85 
96 
130 
65 
95 


166 

155 

123 

80 

85 

100 
212 
225 
123 
123 


100 
92 
92 
76 


55   I 
68 
85 
42   I 

62   I 


108 
101 
80 
52 
55 

65 

138 

147 

80 

80 


108 

110 

86 

68 

88 

117 
221 
173 
190 
129 
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27    The  general  formulae  for  traction  may  be  represented  thus: 
.V  ^      .    ,  «,         «,      «,        ick  ,„       ^,      2%ckT      2ic*r, 

T+  T,        F  2  T  2T, 

(6)^1-        2      "icJfe"2  +  tci"2-icA; 


27    Calling  c  >-  2  and  A;  »  1,  these  formulae  reduce  to  the  fol- 
lowing  for  clean  dry  rubber  belts  on  iron  pulleys: 


2  i  T      2  i  T 
(«)  F  -  2  t  T,  -  r  _  T,  -  i  (T  +  TJ  -  i"^^-  1^ 

,«  -        T  +Tt      F  T  T, 

(/)  r, r- 


2  2t      1+i      1-i 

(.,r-r.(ii-:)-7-.(.  +  o-F(Vr') 

<»"•■- ''(ff-<)-''-<'-«-''(Tr) 

28  It  should  be  borne  in  mind  that  T  indicates  the  maximum  belt 
strain,  and  is  seldom,  if  ever,  properly  represented  by  F,  which  is  the 
puB  or  tractive  force,  and  is  less  than  T. 

29  The  makers  of  conveyor  belts  will  guarantee  a  working  value 
of  40  lb.  per  inch  per  ply  for  T  in  rubber  belting,  and  this  should  not  be 
exceeded.  Good  practice  would  indicate  a  value  of  30  lb.  or  less  per 
inch  per  ply. 

30  When  miiltiple  drive  heads  are  used,  the  traction  of  each  drive 
ptilley  should  be  computed  separately,  starting  with  the  maximum 
Wt  strain  T  for  the  first  pulley,  computing  T^,  and  making  T  for  the 
wcond  pulley  equal  Tj  of  the  first,  and  so  on,  for  the  number  of  pulleys, 
the  difference  between  the  first  tension  and  the  last  one  will  be  the 
tractive  force. 
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31  The  following  tables  have  been  computed  from  the  foregoing 
formulae,  with  the  values  as  indicated  by  these  experiments,  for  clean 
dry  rubber  belts  on  iron  faced  pulleys.  Due  allowance  must  be  made 
for  any  other  condition  of  belts.    See  Tables  6, 7  and  8. 


TABLE  9 

Data,  Comuebnimo  Iron  Pullbts  fob  Diffkrbnt  Abcs  of  Contact  for  Clbam  Ost  RnsBCB 

Bbltb  with  a  Max.  Bblt  Stbain  of  30  hB.  pbr  in.  pbb  Plt 


Belt  strain  pounds 

_        . 

Degree*  contact 

Max.  T 

Min.  Ti 

Initial  tension  7*i 

Effeotira  puU  or 
traction   P 

100 

30 

17.0 

23.5 

13.0 

110 

30 

16.0 

23.0 

14.0 

120 

30 

16.0 

22.5 

16.0 

130 

30 

14.3 

22.2 

15.9 

140 

30 

13.2 

21.6 

16.8 

150 

30 

12.3 

21.2 

17.7 

160 

30 

11.5 

20.8 

18.6 

170 

30 

10.7 

20.4 

19.3 

180 

30 

10.0 

20.0 

20.0 

100 

30 

9.3 

19.7 

20.7 

200 

30 

8.6 

19.3 

21.4 

210 

30 

7.9 

19.0 

22.1 

1W0 

30 

7.2 

18.6 

22.8 

230 

30 

6.6 

18.3 

23.4 

240 

30 

6.0 

16.0 

24.0 

2.10 

30 

6.4 

17.7 

24.6 

260 

30 

4.8 

17.4 

26.2 

•/TO 

30 

4.3 

17.2 

25.7 

280 

30 

3.8 

16.9 

26.2 

32  The  carrying  capacity  of  belts  is  largely  a  question  of  condi- 
tion of  material.  On  the  whole,  a  belt  will  carry  a  larger  number  of 
C'lhic  feet  of  fine  material,  such  as  grain  or  crushed  coal,  or  rock,  than 
i'  will  if  the  material  consists  largely  of  lumps,  such  as  Run  of  Mine 
coal.  In  the  following  table  of  capacity,  such  fine  material  alone  is 
considered,  carried  on  a  horizontal  conveyor. 

33  The  horse  power  required  to  drive  belt  conveyors  is  too  broad 
a  subject  to  be  fully  covered  in  this  paper.  It  varies  so  much  with 
the  design  and  spacing  of  the  idlers,  and  the  local  conditions,  that  no 
accurate  rules  applicable  to  all  cases  can  be  given.  The  following 
formula  may  be  found  useful  for  the  average  case: 
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W  -  total  weight  of  material  delivered  per  minute 
Tf  1  -  total  weight  of  belt 
S   -  speed  of  belt  in  feet  per  minute 
H.P.  -  horse  power 
IT,-"  maximum  weight  of  material  on  belt  at  any  one  time. 
H  -  total  height  to  which  material  is  elevated  by  conveyor 

(0.15  tr,  H-  0.07  TF,)  6^  +  HW 
'^P-  "  33  boo" 

34  This  will  give  the  average  h.p.  In  addition  an  allowance  of 
from  4  per  cent  to  6  per  cent  should  be  made  for  each  tripper,  and  all 
other  unusual  elements  taken  into  consideration. 

35  It  is  often  desirable  to  change  a  belt  conveyor  at  one  or  more 
points  in  its  length,  from  horizontal  to  inclined,  or  to  a  greater  incline 
by  means  of  an  upward  curve,  and  it  then  becomes  essential  to  know 
the  curve  assumed  by  an  empty  belt  under  such  conditions  in  order 
to  ascertain  the  minimum  radius  to  which  such  a  curve  may  be  laid 
out,  and  the  belt  lay  down  on  the  idlers. 


FiQ.  11     Diagram  Showing  Chanob  in  Direction  of  Belt 

Ut  Fig.  11  represent  such  a  condition  in  which 

A  -■  the  head  pulley 

B  -■  the  t^  pulley 

C  -■  the  point  where  curvature  begins 

I>  -  the  point  where  curvature  ends 
XZ  and  YY  —  Rectangular  coordinates  with  ongin  at  C 

T  *  Maximum  pull  on  belt  at  point  C 

W  *  Wei^t  of  belt  per  foot  of  length 
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TABLE  10 
Data,  Concbrnino  Iron  Pullets  for  Difperknt  Arcs  or  Contact  for  Clean  Dry  Rubber 
Belts  With  Maximum  Belt  Strain  op  100  Per  Cent  per  Inch  Ply 


Belt  strain  per  cent 

InithU   tension 
7s  in  per  cent 

Effective  pull  or 
percent 

Decrees  oontset 

MsY.r 
in  percent 

Bfin.  Ti 
in  percent 

100 

100 

67 

79 

43 

110 

100 

63 

77 

47 

120 

100 

60 

76 

60 

130 

100 

47 

73 

63 

140 

100 

44 

72 

66 

160 

100 

41 

70 

60 

160 

100 

38 

69 

62 

170 

100 

36 

68 

64 

180 

100 

33 

67 

67 

100 

100 

31 

66 

60 

200 

100 

29 

66 

71 

310 

100 

.     26 

63 

74 

320 

100 

24 

62 

76 

230 

100 

22 

61 

78 

240 

100 

20 

60 

80 

260 

100 

18 

69 

82 

260 

100 

16 

68 

84 

270 

100 

14 

67 

80 

280 

100 

CO 

66 

87 

TABLE  11 

Showing  Cross  Section  in  Square  Feet  op  the  Eppective  Stream  op  Matbrial  Wuicm 

Mat  Sapely  be  Carried  by  Belt  Conveyors 


Effective  cross  leotion 

Width  of  belt 

Effective  cross  section 

Width  of  belt 

Troughed 

Troughed 

FUt  belt 

bdt 

FUt  belt 

belt 

10 

0.014 

0.06 

26 

0.19 

0.40 

12 

0.026 

0.07 

28 

0.23 

0.47 

14 

0.04 

0.11 

30 

0.27 

0.66 

16 

0.067 

0.16 

32 

0.32 

0.63 

18 

0.078 

0.19 

34 

0.36 

0.71 

20 

0.102 

0.23 

36 

0.40 

0.80 

22 

0.13 

0.28 

42 

0.67 

1.00 

24 

0.16 

0.34 

48 

0.77 

1.20 
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36  It  is  evident  that  the  tendency  of  the  belt  to  rise  above  the 
idlers  on  the  curve  as  shown  by  dotted  line,  will  be  the  greatest  when 
the  strain  at  C  is  greatest,  and  when  the  belt  from  C  to  D  is  lightest; 
that  is,  the  tendency  to  rise  will  be  greatest  when  the  less  inclined 
portion  of  the  conveyor  is  loaded  up  to  the  point  C  and  empty  from 
C  to  Z).  Then  according  to  the  law  of  the  catenary,  the  hanging  belt 
will  assume  the  curve  of  a  parabola  whose  equation  is 

2T 

from  which  the  curve  may  be  plotted. 

37  The  belt  will  under  the  above  maximum  conditions  never  fall 
within  the  curve  as  computed  from  the  above  formula,  between  the 
points  C  and  Z),  so  that  if  the  idlers  are  brought  up  to  or  a  little  above 
this  curve,  the  belt  will  never  leave  the  idlers. 

38  When  conditions  permit,  the  radius  of  the  curve  C  to  D  is 
usually  made  300  ft.  which  is  generally  found  satisfactory  for  all  belts. 

Note — The  discussion  on  The  Conveying  of  Materials  \&  piibliahed  utider 
No.  1195  in  this  volume. — The  Editor. 
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No.  1195 

THE  CONVEYING  OF  MATERIALS 

DISCUSSION 

At  the  Detroit  meeting  the  second  session  was  devoted  to  a  sym- 
posium on  the  hoisting  and  conveying  of  materials  and  five  papers 
were  presented  as  follows: 

Hoisting  and  Conveying  Machinery,  G.  E.  Titcomb. 

CJoNTiNuous  Conveying  op  Materials,  S.  B.  Peck. 

The  Belt  Conveyor,  C.  Kemble  Baldwin. 

Conveying  Machinery  in  a  Cement  Plant,  C.  J.  Tomlinson. 

Performance  op  Belt  Conveyors,  E.  J.  Haddock. 

Mr.  Spencer  Miller  Mr.  Titcomb  briefly  refers  to  cableways, 
showing  that  he  regards  such  as  hoisting  and  conveying  machines. 
This  is  my  excuse  for  adding  to  his  paper  something  on  the  subject 
of  cableways. 

2  By  a  cableway  I  mean  a  hoisting  and  conveying  machine 
employing  a  suspended  cable  as  a  track-way.  When  the  hoisting 
function  is  omitted  we  call  the  device  a  wire  rope  tramway.  There 
are  about  1000  cableways  in  the  United  States.  The  field  covered 
by  the  cableway  is  so  extensive  and  the  variety  of  cableways  so  great, 
that  the  subject  is  worthy  of  a  separate  paper.  The  loads  handled  by 
cableways  range  from  one-half  ton  to  25  tons.  Fifty-ton  cableways 
have  been  designed,  but  so  far  as  I  know,  have  not  been  constructed. 
The  length  of  the  cableway  span  varies  from  200  ft.  to  2500  ft. 

3  In  the  matter  of  speed,  the  load  carriage  travels  usually  from 
600  to  1500  ft.  per  minute,  while  there  are  instances  of  cableways, 
especially  those  used  in  coaling  warships  at  sea,  where  the  carriage 
speed  is  over  3000  ft.  per  minute.  At  the  Lidgerwood  cableway 
testmg  station,  speeds  of  3600  ft.  per  min.  have  been  accomplished 
and  apparently  such  speeds  are  entirely  practical  for  light  loads. 
Cableways  therefore  seem  to  outdistance  bridge  tramways  in  the 
matter  of  speed  and  span.  There  are  few  problems  solvable  with 
the  bridge  tramway  that  are  not  solvable  with  a  cableway.    Cable- 
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ways  have  been  built  with  "  man  trolleys"  which  eliminate  the  long 
hoisting  and  conveying  ropes,  with  their  attendant  fall  rope  carriers. 

4  Recent  inventions  properly  applied  multiply  the  life  of  the 
main  cable  and  remove  any  objection  on  the  standpoint  of  repairs. 
Cableways  are  successfully  and  economically  employed  in  unloading 
ships  at  the  wharf,  and  operating  grab  buckets  and  scraper  buckets. 
For  the  construction  of  dams  and  locks  they  stand  supreme.  As 
excavators  of  canals  they  are  frequently  the  most  economical  machine 
to  employ.  The  most  economical  method  of  employing  cableways 
in  canal  excavation  is  by  the  use  of  what  is  known  as  the  duplex 
cableway.  Two  double  towers  placed  on  wheels  are  movable  by 
power,  lengthwise  of  the  canal.  Two  cableways  cross  the  canal. 
Grab  buckets  are  handled  by  the  cableways.  Spoil  banks  are  on 
both  sides  of  the  canal.  Material  is  excavated  by  one  cableway  and 
carried  speedily  towards  one  tower,  while  by  the  other  cableway  it  is 
carried  in  the  opposite  direction.  Hence  the  bucket  travels  only 
half  the  distance,  and  therefore  makes  many  more  trips  than  a  single 
cableway  which  has  to  do  the  entire  work. 

5  Many  cableways  are  operated  by  electric  motors  both  with  the 
alternating  and  direct  currents. 

6  The  greatest  contest  for  economy  of  canal  construction  was 
witnessed  in  the  excavation  of  the  Chicago  Drainage  Canal,  where  the 
two  leading  machines  were  a  bridge  tramway  and  a  traveling  cable- 
way.  When  all  costs  were  taken  into  consideration,  repairs,  interest 
on  plant,  etc.,  the  cableway  won  by  sveral  cents  per  cubic  yard. 
It  may  be  truthfully  said  that  the  cableway  with  its  towers  traveling 
on  wheels  was  born  on  the  Chicago  Drainage  Canal.  This  was  also 
the  first  great  construction  work  where  the  bridge  tramway  was 
employed.  It  would  be  interesting  to  know  if  a  bridge  tramway 
has  been  employed  on  construction  work  since.  The  great  field  of 
usefulness  in  bridge  tramways  has  been  in  ship  building,  unloading 
ore  and  coal,  and  serving  as  a  material  handling  machine  in  manu- 
facturers' plants. 

Mr.  Melvin  Pattison  ^  In  his  paper  on  Hoisting  and  Conveying 
Machinery,  Mr.  Titcomb  has  given  the  type  of  ore-handling  machinery 
that  is  most  in  use  very  little  mention;  and  while  he  refers  to  some 
very  interesting  coal-handling  equipments,  he  does  not  mention  at  all 
the  type  that  ranks  at  least  as  high  as  any  to  which  he  refers. 
2  In  discussing  Mr.  Titcomb's  paper,  I  do  not  find  much  to 
*  Melvin  Pattison,  Brown  Hoisting  Mchy.  Co.,  Cleveland,  O. 
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criticise  in  what  he  has  said,  but  what  I  do  criticise  is  that  he  has 
left  so  much  unsaid. 

3  Fig.  4  of  his  paper  shows  a  type  of  ore-unloader  that  has  proved 
to  be  the  most  eflBicient  grab  bucket  five-ton  xmit  machine  in  oj>era- 
tion  for  taking  ore  from  vessels. 

4  Each  machine  is  equipped  with  an  electric  man-troUey  with  a 
turn-table.  The  operator  can  with  ease  be  making  three  or  four 
distinct  and  different  operations  at  one  time,  such  as  racking  the 
trolley,  turning  the  bucket  and  hoisting  or  lowering  it.  It  is  common 
practice  for  these  machines  to  make  a  round  trip  in  from  30  to  35 
seconds. 

5  The  four  machines  at  Conneaut  unloaded  the  Steamship 
Hoover  &  Mason  with  9202  gross  tons  of  ore  on  June  14, 1907,  in 
7hr.  12  min.,  which  was  an  average  of  326  tons  per  hour  per  machine, 
including  cleaning  up.  The  first  hour  each  machine  took  out  429 
tons,  and  the  last  hour  150  tons. 

6  There  were  six  of  this  same  imit  and  type  of  machine  started 
last  season  at  Fairport,  and  before  they  had  been  running  a  month 
and  a  half  they  unloaded  the  steamship  Cole  with  11  385  gross  tons 
of  ore  in  8  hr.  58  min.,  averaging  215  tons  per  machine  per  hour. 

7  There  are  four  machines  in  Cleveland,  with  the  same  machinery 
part  equipment,  but  in  addition  equipped  with  200-ton  weighing 
bins,  which  can  accurately  weigh  and  deliver  a  carload  of  ore  in 
about  7  sec.  This  seems  remarkable  when  you  take  into  considera- 
tion that  the  scales  have  to  handle  a  variable  load  up  to  250  tons. 
I  call  especial  attention  to  this  point,  as  the  successful  weighing  of 
ore  from  vessels  to  cars  is  now  being  demanded  by  railroad  and  dock 
companies. 

8  There  are  many  other  docks  equipped  with  this  type  of  un- 
loaders;  and  the  summary  of  what  I  wish  to  say  in  this  connection 
is  that  they  take  ore  out  of  vessels  about  twice  as  fast  as  any  other 
type  of  five-ton  unit  machines  now  in  operation. 

9  Referring  to  Fig.  5,  the  bridges,  as  shown,  are  565  feet  over  all, 
and  are  equipped  with  man  trolleys,  but  do  not  have  the  turn-tuble 
feature. 

10  The  first  bridge  built  operates  a  7^  ton  grab  bucket,  and  will 
handle  350  tons  of  ore  per  hour  from  the  end  of  the  cantilever  to  the 
middle  of  the  bridge.  The  second,  or  last  bridge,  operates  a  ten- 
ton  grab  bucket  and  will  handle  500  tons  per  hour. 

11  Referring  to  Fig.  6,  under  the  heading  of  blast  furnaces  I  do 
not  recognize  the  bridge  shown,  nor  do  I  understand  why  this  bridge 
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is  chosen  when  the  majority  of  large  blast  furnace  plants  are  equipped 
with  bridges  of  the  same  make  as  the  unloaders  referred  to  above, 
to  say  nothing  of  the  parabolic  bins,  larries,  transfer  cars  and  furnace 
hoists,  which  means  that  this  machinery  handles  a  large  portion 
of  the  iron  ore  from  the  time  it  leaves  the  vessel  until  converted 
into  pig  iron. 

12  Referring  to  the  handling  of  coal,  I  note  there  are  eight  illus- 
trations of  anthracite-handling  machinery,  and  only  six  of  bituminous. 
In  1907  there  were  375  000  000  tons  of  bituminous  coal  mined  in 
this  country,  and  only  67  000  000  tons  of  anthracite  coal,  which 
means  less  than  one-fifth  as  much  anthracite  coal  handled  as  bitu- 
minous. 

13  There  seems  to  be  quite  a  change  in  sentiment  among  coal 
dock  managers  in  the  last  three  or  four  years,  since  four  years  ago 
the  larger  and  more  important  concerns  believed  in  small  unit  dock 
hoists,  breaking  bulk  on  face  of  dock,  and  delivering  into  stock  pile 
by  means  of  cars  or  trolleys.  The  dock  people  now  seem  to  be  in  favor 
of  larger  units,  and  the  bucket  that  goes  into  a  vessel  delivering  into 
stock  pile,  thereby  saving  rehandling  and  breakage. 

14  Further,  sentiment  seems  to  be  growing  in  favor  of  man -trolley 
equipments,  similar  to  what  has  become  the  standard  for  handling 
iron  ore.  In  fact,  coal  is  now  being  handled  with  man-troUey  equip- 
ments at  New  Haven,  Worcester,  Springfield,  Boston,  Charleston  and 
Superior,  as  well  as  at  other  places,  and  there  is  a  bridge  of  this  type 
now  being  built  in  New  York,  which  will  be  referred  to  later. 

15  Some  of  the  advantages  of  the  man-trolley  are  that  the  oper- 
ator is  always  with  his  work,  and  long  leads  of  whipping  lines,  sheave 
supports,  etc.,  are  eliminated.  Fig.  12  and  Fig.  13  refer  to  an  anthra- 
cite coal-handling  and  storage  plant  at  Superior,  which  is  about 
one-quarter  of  the  total  problem  on  this  dock,  the  other  three- 
quarters  being  the  handUng  of  bituminous  coal,  which  is  not 
mentioned. 

16  The  bituminous  dock  is  equipped  with  what  is  probably  the 
most  flexible  coal-handling  machinery  of  the  intermittent  type  now 
in  operation  anywhere. 

17  The  equipment  consists  of  four  electric  unloading  towers  on 
tiie  face  of  the  dock;  a  line  of  pockets  immediately  back  of  the  same, 
with  three  electric  transfer  cars  on  top  of  the  pockets  and  back  of 
the  towers;  four  three-span  bridges  at  the  rear  of  the  pockets  and 
extending  the  width  of  the  dock,  which  is  500  ft.,  and  a  line  of  pockets 
on  the  rear  of  the  dock  running  parallel  with  the  pockets  on  the  front. 
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18  The  bridges  are  equipped  with  special  man  trolleys  of  two 
styles,  one  for  stocking  coal  and  one  for  taking  coal  out  of  stock  with 
«»Hovel  buckets. 

19  The  fast  plants  will  unload  vessels  at  an  average  rate  of  about 
150  tons  per  hour  per  machine,  including  cleaning  upland  there  are 
always  one  or  two  bridges  available  to  fill  all  current  orders  from  day 
to  day  for  the  diflferent  kinds  of  coal  that  are  not  being  unloaded  from 
the  vessel. 

20  Another  plant  of  this  unloading  type,  is  the  one  in  operation 
at  the  National  Tube  Company's  Works  at  McEeesport,  Pa.,  which 
is  one  of  the  fastest  of  which  the  writer  has  heard. 

21.  Another  type  is  the  Milwaukee  Coke  and  Gas  Company's 
two  machines  at  Milwaukee.  These  are  steam  driven  and  operate 
a  two-ton  bucket.  On  June  9  and  10  of  this  year  they  unloaded  the 
steamer  Powell  Stackhouse  with  10  002  tons  of  coal,  and  averaged, 
without  taking  out  any  delays,  175i  tons  per  machine  per  hour, 
including  the  cleaning  up  of  the  vessel  with  the  grab  buckets. 

22  These  two  machines  were  in  operation  just  seven  months 
last  season,  and  one-third  of  this  time  there  were  no  vessels  at  the 
dock.  The  machines  were  actually  working  four  months  and  twenty- 
two  days,  and  unloaded  in  that  time  586  000  tons  of  coal,  which  is 
the  best  record  I  know  of  for  any  dock. 

23  Referring  to  Fig.  21,  this  is  one  of  the  modem  rope-driven 
trolley  bridge  plants  operating  a  three-ton  grab  bucket,  and  I  wish 
to  call  attention  to  the  Pittsburg  Coal  Company's  No.  6  Dock  at 
Superior,  erected  four  years  ago,  which  handles  only  IJ  ton  buckets, 

24  The  general  scheme  of  the  two  docks  is  similar,  but  the  No.  6 
Dock  with  only  1}  ton  buckets  has  a  record  of  unloading  a  vessel  at 
the  rate  of  108  tons  per  hour  per  machine,  including  cleaning  up, 
delivering  the  coal  at  the  rear  end  of  the  cantilever,  which  is  290  ft. 
from  the  apron,  while  the  best  record  given  for  the  machines  shown 
in  Fig.  21  is  136  tons  per  hour  per  machine  with  three-ton  buckets. 
This  No.  6  dock  is  steam  driven,  and  has  the  same  rope  system  as 
the  Milwaukee  dock  which  was  referred  to  above. 

25  While  these  two  steam  driven,  rope  system  bridge  equipments 
are  successful  for  handling  bituminous  coal,  there  is,  as  stated  above, 
a  growing  sentiment  in  favor  of  man  trolley  and  larger  unit  grab 
buckets,  which  is  very  strikingly  illustrated  in  the  new  bridge  which 
is  being  built  for  the  Astoria  Light,  Heat  and  Power  Company,  at 
Astoria,  Long  Island,  which  is  a  part  of  the  Consolidated  Gas  Com- 
pany of  New  York. 
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26  This  bridge  is  603  ft.  over  all,  and  is  equipped  with  a  man 
^lley,  handling  a  grab  bucket  that  will  take  between  six  and  seven 
tons  at  a  grab. 

27  The  moving  load  on  the  bridge  is  40  tons.     The  speeds  are: 

Feet  per 
minute 

Hoisting 225 

Trolley  travel 1200 

Bridge  travel 75 

28  This  bridge  will  be  ready  for  operation  the  latter  part  of  July, 
and  will  be  the  largest  coal-handling  bridge  crane. 

Mr.  George  B.  Willcox  Salt  and  chemicals  are  noted  in  Par.  75 
of  Mr.  Baldwin's  paper,  as  substances  that  can  be  satisfactorily  han- 
dled with  belts,  but  the  kind  of  belts  is  not  specified.  In  the  salt 
machinery  business  our  experience  has  been  that  belts  are  suitable 
only  for  certain  kinds  of  service  as  salt  carriers. 


Fio.  1    Reciprocating  Scraper  Conveyor 

2  For  loading  vessels  in  bulk,  a  belt  conveyor  located  on  the  ware- 
house floor  and  delivering  into  a  chute  high  over  the  wharf  and 
discharging  in  the  hold  of  the  ship  is  satisfactory. 

3  With  30  men  wheeling  salt  in  barrels  and  dumping  at  both 
aides  of  the  belt,  a  22-in.  belt  has  delivered  150  tons  per  hour  into 
the  hold  of  a  vessel,  and  with  25  men  an  average  run  is  a  cargo  of 
1100  tons  in  10  hr.  When  navigation  closes,  the  belt  is  cleaned 
and  removed  from  the  pulleys.  For  such  service,  namely,  where  a 
large  quantity  of  salt  is  handled  in  a  short  time,  probably  nothing 
is  so  satisfactory  as  a  belt.     But    where   it  is  required    to    run 
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continuously,  carrying  only  a  small  stream  of  salt,  a  belt  is  far  from 
satisfactory.  The  state  of  the  weather  affects  the  operation.  On  a 
dry  day  newly  made  salt  may  discharge  well  from  the  belt  surface, 
but  a  cold  damp  day  causes  it  to  stick  to  the  belt,  and  the  belt  surface 
becomes  wet  and  slimy. 

4    Brushes  and  angle  scrapers  of  many  kinds,  including  wood  and 
plate  glass,  have  been  used  on  the  belt  to  overcome  this  difficulty, 


Fio.  2    Conveyors  in  a  Salt  Plant 

but  not  successfully.  A  serious  fault  is  that  atmospheric  dust 
accumulates  on  the  belt  surface,  which  travels  through  the  air  many 
miles  a  day,  and  in  consequence  rings  of  dirty  salt  accumulate  around 
the  rollers  at  the  edges  of  the  belt,  finally  dropping  on  the  salt  pile. 
Such  dirt  spots  through  the  salt  are  very  conspicuous  and  seriously 
affect  the  market  value  of  the  salt. 
5    We  have  abandoned  belts  entirely  for  continuous  service  of  the 
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dass  described,  as  for  instance,  removing  the  salt  from  a  battery  of 
grainers  as  fast  as  it  is  produced  and  distributing  it  in  piles  on  the 
warehouse  floor. 

6  In  such  places  the  most  satisfactory  conveyor  is  of  the  recipro- 
cating scraper  variety,  as  shown  in  the  accompan3dng  illustration, 
Fig.  1.  The  side  angles  ride  back  and  forth  on  slides  made  of  2  by 
i  an^e  about  8  in.  long  fixed  to  the  side  of  the  conveyor  trough. 
The  bottom  of  the  trough  is  lined  with  i  in.  unfinished  plate  glass 
which  can  be  had  from  any  plate  glass  factory  at  about  25  cents  per 
square  foot. 

7  These  conveyors  work  back  and  forth  very  slowly.  The  slides 
do  not  wear  rapidly  and  are  easily  replaced.  Five  conveyors  of 
this  variety  have  been  in  continuous  operation  night  and  day  for 
nearly  two  years  without  repair  and  with  no  perceptible  wear.  They 
take  the  salt  from  10  grainers,  at  the  rate  of  1000  bbl.  per  24  hr., 
and  deliver  it  in  20-ft.  piles  on  the  warehouse  floor.  Fig.  2  is  from 
a  photograph  of  one  of  them.  One  of  these  salt  piles  as  shown  is 
about  22  ft.  high. 

Mr.  Charles  Piez  In  giving  his  brief  history  of  the  develop- 
ment of  the  belt  conveyor,  Mr.  Baldwin  did  not  mention  the  intro- 
duction of  what  was  known  as  the  Robins  patent  belt  some  twelve 
years  ago.  This  belt  combined,  according  to  the  claims  of  the  com- 
pany exploiting  it,  "the  advantage  of  a  central  thickened  wear- 
resisting  cover  with  stiffened  edges,  making  the  belt  bend  more  easily 
at  the  center  and  better  preserving  its  troughed  shape  between  the 
sets  of  idler  puUejrs.  This  stiffening  is  done  by  running  two  or  three 
plies  of  duck  a  part  of  the  way  in  from  the  edges." 

2  The  purpose  the  inventor  had  in  mind  was  evidently  to  give 
to  a  belt  a  largely  increased  carrying  capacity  by  forcing  it  to  assume 
the  shape  of  a  deep,  continuous  trough.  To  accomplish  this,  idlers 
of  the  form  shown  in  Fig.  6  of  Mr.  Baldwin's  paper  were  used,  but 
with  troughing  pulleys  arranged  at  angles  fully  15  deg.  steeper  than 
shown  in  this  cut.  Large  carrying  capacities  for  narrow  widths  of 
belt,  however,  carried  with  them  certain  serious  defects. 

3  In  order  to  secure*  flexibility  the  strength  of  the  belt  at  the 
center  was  sacrificed  by  omitting  some  of  the  plies  of  duck.  The 
large  increase  in  load  per  unit  area  of  belt  required  a  heavy  increase 
in  the  tractive  force  necessary  to  drive  the  belt  and  this  was  obtain- 
able, owing  to  the  limited  width  of  the  belt,  only  by  largely  increasing 
the  initial  tension.    The  resultant  unit  strain  exerted  on  a  belt  that 
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was  defective  in  structure  quickly  brought  about  a  destruction  of 
the  bond  between  the  fabric  and  the  rubber  coating  and  this  destruc- 
tion was  effectually  assisted  by  the  lateral  bending  to  which  the  trough- 
ing  pulleys  subjected  the  belt. 

4  The  remedy,  of  course,  lay  in  materially  reducing  the  depth 
of  troughing,  resulting  in  wider  belts  for  the  same  carrying  capacities, 
a  much  smaller  degree  of  lateral  flexure  from  the  troughing  rolls, 
lower  unit  stresses  per  imit  width  of  belt  and  the  advantage  of  using 
belts  of  uniform  ply  throughout  their  width.  The  progress  of  this 
development  is  shown  in  Mr.  Baldwin's  illustrations. 

5  The  original  idler  used  for  the  patent  or  flexible  belt  was  of  the 
three-pulley  type  shown  in  Fig.  6  but  with  troughing  rolls  arraniced 
at  angles  of  about  40  deg.  The  next  step  was  the  reduction  of  the 
angleof  the  troughing  rolls,  some  makers  using20  deg.  and  others  25  deg. 

6  Fig.  5  of  Mr.  Baldwin's  paper  shows  a  concave  roller  developed 
by  one  of  the  users  of  a  wide  flexible  belt  for  the  purpose  of  over- 
coming the  destruction  of  the  belt  due  to  the  severe  lateral  flexure 
of  the  troughing  rolls.  The  aim  wjis  to  approximate  in  the  idler 
the  catenary  cui*ve  that  the  belt  would  assume  if  supported  only  at 
the  outer  edges. 

7  Fig.  7  of  Mr.  Baldwin's  paper  shows  the  unit  troughing  idlers 
arranged  in  substantially  the  same  way,  resulting  in  giving  the  belt 
practically  a  uniform  curve  in  a  transverse  section.  This  form  of 
idler  has  been  adopted  by  a  number  of  the  leading  manufacturers  for 
the  wider  belt  conveyors,  and  as  is  readily  apparent,  makes  possible 
the  use  of  a  standard  belt  of  uniform  ply.  This  to  my  mind  is  a 
distinct  advantage  of  the  shallow  trough  belt  conveyor. 

8  The  function  of  the  belt  in  belt  conveyors  is  twofold.  First,  it 
serves  as  the  carrier  of  the  material;  second,  it  serves  as  the  trans- 
mitting medium  for  the  power  necessary  to  move  the  material.  The 
second  function  is  undoubtedly  best  performed  by  a  belt  of  uniform 
strength  throughout  its  width;  and  if  for  purposes  of  carrying  the 
material  a  form  of  troughing  is  adopted  to  which  a  uniform  ply  belt 
will  readily  accommodate  itself,  then  there  can  be  np  question  as 
to  the  best  structure  of  belt  to  use  for  conveying  purposes. 

9  But  while  the  shallow  trough  belt  with  idlers  such  as  is  shown 
in  Fig.  6  and  7  has  practically  superseded  the  deeply  troughed  belt, 
there  is  at  present  a  noticeable  tendency  to  revert  to  the  old  type 
of  flat  belt.  This  tendency  is  illustrated  by  the  increasing  use  for 
certain  purposes  of  the  idler  shown  in  Mr.  Peck's  paper,  Fig.  9. 
This  idler  is  flat  through  the  greater  part  of  its  length,  the  two 
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end  sections  being  slightly  convex  to  confine  the  material.  In 
ackuil  practice  the  end  diameter  is  about  H  in.  larg^  than  the  center 
diazneter.  The  pulleys  are  very  light,  being  made  of  pressed  steel, 
and  the  shafts  run  in  pivoted,  chain-oiling  bearings.  The  belts  used 
with  them  are  of  uniform  ply,  usually  protected  with  an  extra  thick- 
ness of  rubber  on  the  canying  side.  For  pulverulent,  granular  or 
siied  material  not  exceeding  2^  in.  in  diameter,  and  these  classes,  let 
me  state,  represent  in  volume  the  greater  part  of  the  material  carried 
by  belts,  the  slight  troughing  given  by  this  idler  is  sufficient  to  retain 
the  material  on  the  belt. 

10  The  only  charge  that  can  be  made  against  it,  according  to 
the  standard  set  by  Mr.  Baldwin,  is  that  the  slip  incidental  to  the 
difference  in  peripheral  speeds  of  two  portions  of  the  idler  is  neces- 
sarily fatal  to  durability  in  the  belt.  But  are  the  idlers  of  the  con- 
struction shoym  in  Fig.  6  and  7  of  his  paper  free  from  slip  ?  These  idlers 
must  be  lubricated  with  grease  because,  as  Mr.  Baldwin  very  properly 
points  out,  oil  would  be  hard- to  confine  and  contact  with  the  rubber 
would  cause  rapid  deterioration.  But  grease  is  if  anything  a  retardant 
for  very  light  loads  and  with  the  idlers  spaced  as  closely  as  they  are 
on  the  carrying  side,  the  pressure  per  inch  of  journal  bearing  is  small, 
particularly  when  the  belt  is  running  lightly  loaded.  Then,  too, 
there  is  the  friction  due  to  the  end  pressure  of  the  hubs  of  the  inclined 
pulleys  against  the  bearings.  With  such  conditions  existing,  it  is 
only  natiu*al  to  suppose  that  some  slip  will  occur  and  the  evidences 
of  it  are  easily  discernible  to  the  practiced  eye,  for  it  is  very  rare  to 
find  all  rollers  on  an  installation  nmning  free  when  the  belt  is  run- 
ning light,  and  the  idlers  quickly  become  polished  on  the  surface. 

11  There  is  also  the  fact  that  a  horizontal  conveyor  running 
light  absorbs  almost  as  much  power  as  when  fully  loaded,  the  no 
load  readings  frequently  being  from  90  to  95  per  cent  of  the  full  load 
readings.  This  slight  difference  can  only  be  explained  on  the  assump- 
tion of  proportionately  lower  journal  friction  under  full  load  con- 
ditions than  under  conditions  of  light  loading.  The  inference  is 
therefore  that  the  idlers  lag  considerably  under  a  light  load  and  it  is 
only  fair  to  assume  that  they  continue  to  lag  to  some  extent  under 
average  load  conditions.  For  after  all,  large  capacity  is  secured 
with  belts  by  carrying  light  loads  at  high  speeds,  and  the  average 
carrying  loads  are  insufficient  to  operate  grease  lubricated  journals 
at  full  efficiency. 

12  Slip  is  therefore  present  in  some  degree  in  all  idlers,  and  it  is 
my  opinion  that  with  their  greater  lightness,  their  more  perfect  lubri- 
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cation,  and  their  better  alignment,  the  idlers  in  Fig.  9  of  Mr.  Peck's 
article  are  no  more  destructive  to  the  under  side  of  the  belt  than  are 
those  illustrated  by  Fig.  6  and  7  of  the  article  under  discussion. 
They  are  immeasurably  kinder  to  the  belt,  however,  in  avoiding 
lateral  flexure  and  on  this  account  add  very  much  to  its  durability. 

13  It  is  almost  an  axiom  in  the  belt  conveyor  art  that  belts  wear 
out  on  the  canying  side.  Eliminating  from  consideration  the  dete- 
rioration caused  by  troughing,  the  reasons  for  the  greater  wear  on 
the  carrying  side  are: 

a  Impact  of  the  delivered  material; 

b  Action  of  pulleys  of  too  small  a  diameter  on  the  belt; 

c  Improper  location  and  design  of  driving  mechanism. 

14  Mr.  Baldwin  has  very  fully  covered  the  first  cause  but  it  may 
be  interesting  to  add  that  where  a  mixture  of  fine  and  coarse  material 
is  handled,  a  very  effective  means  of  reducing  the  destructive  action 
at  the  delivery  point  consists  in  inserting  a  short  screen  near  the 
delivery  end  of  the  chute,  thus  permitting  the  fine  stuff  to  sift  through 
and  form  a  cushion  to  receive  the  impact  of  the  heavier  pieces. 

15  In  regard  to  the  second  cause  of  the  deterioration  of  belts 
altogether  too  little  value  is  placed  upon  the  use  of  pulleys  of  the 
proper  diameter.  I  do  not  think  it  was  Mr.  Baldwin's  intention  to 
make  it  appear  that  the  diameter  of  the  driving  pulley  depends  only 
on  the  width  of  the  belt,  yet  that  is  the  inference  one  unconsciously 
draws  from  Table  1.  He  does  mention  in  another  portion  of  his 
paper  the  minimum  number  of  plies  for  various  widths;  but  the  rela- 
tion between  number  of  plies  and  diameter  of  driving  pulley  should 
be  given  in  the  table,  for  it  is  the  number  of  plies  and  not  the  width 
of  the  belt  that  determines  the  size  of  the  pulley.  The  action  of  a 
belt  on  a  pulley  is  similar  to  that  of  a  rope  on  a  sheave  and  when  the 
belt  is  forced  around  a  pulley  of  too  small  a  diameter,  the  outer  layers 
of  canvas  stretch  so  materially  with  relation  to  the  inner  layers  as 
to  bring  about  a  gradual  destruction  of  the  band  between  them. 

16  While  Mr.  Haddock's  experiments  seem  to  indicate  that  there 
is  only  a  slight  gain  in  tractive  effect  when  the  pulleys  exceed  in 
diameter  5  in.  for  every  ply,  that  is,  that  there  is  no  great  gain  in 
driving  power  in  a  30-in.  pulley  over  a  20-in.  pulley  for  a  four-ply 
belt,  yet  these  experiments  touch  only  one  side  of  the  problem,  and 
do  not  take  into  consideration  the  dxu'ability  of  the  belt. 

17  I  feel  most  strongly  that  driving  pulleys  should  have  not  less 
than  8  in.  in  diameter  for  every  ply  of  canvas,  and  that  no  pulley 
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around  which  the  belt  passes  under  full  load  should  be  of  smaller 
dunensions. 

18  Take  Fig.  10  of  Mr,  Baldwin's  paper,  for  instance,  the  head 
pulley  appears  to  be  about  two-thirds  the  diameter  of  the  diiving 
pulley.  A^uming  the  belt  to  be  30  in.  six-ply  the  layman  would 
condude  from  the  table  in  Par.  41  that  good  practice  would 
make  the  diameter  of  the  driving  pulley  30  in.  and  of  the  head  pulley 
20  in.  Yet  this  combination  would  be  a  destructive  one,  for  the 
belt  is  under  as  heavy  a  strain  bending  around  the  head  pulley  as  it 
is  on  the  driving  pulley. 

19  Now  as  to  the  third  cause  of  deterioration,  the  improper 
location  and  design  of  the  driving  mechanism. 

20  There  is  a  fundamental  principle  which  applies  to  all  transmis- 
sion media  whether  they  be  chain,  rope  or  belt.  It  is  this :  make  as  few 
turns  or  bends  under  full  stress  as  possible  and  avoid  counter  bends. 

21  With  this  principle  in  mind  there  is  only  one  proper  position 
for  the  driving  pulley  and  that  is  at  the  head  or  discharge  end  of  the 
conveyor.  In  such  a  drive  as  is  shown  in  Fig.  10  of  Mr.  Baldwin's 
paper,  the  compound  drive,  using  pulleys  of  as  small  diameter  as 
mentioned  in  Par.  38  and  39,  might  be  mentioned  as  expedients 
but  should  hardly  be  cited  as  illustrative  of  sound  practice.  The 
coiive3dng  art,  rapid  and  brilliant  as  its  progress  has  been,  is  replete 
with  examples  of  expediency,  and  it  is  now  high  time  that  considera- 
tion should  be  given  to  cost  of  maintenance  and  operation  as  well 
as  to  initial  cost. 

22  Let  us  now  turn  to  Mr.  Baldwin's  formula  for  the  horse  power 
required  for  belt  conveyors.    The  formula  for  horizontal  conveyors 

,  C  XT  XL 

^  1000 

given  by  him  suggests  that  the  power  is  directly  proportional  to  the 
load  m  tons  per  hour,  yet  that  is  not  the  case.  For  to  get  even 
approximate  results  with  the  formula  the  factor  T  should  be  a  con- 
stant as  well  as  C  and  Mr.  Baldwin  might  have  combined  to  advan- 
tage C  xT  into  a  single  constant  and  given  a  table  of  values  for  it. 

23  Some  readings  of  belt  installations  are  as  follows: 

a  A  30  in.  belt  conveyor  handling  crushed  bituminous  coal. 
Conveyor  is  horizontal  with  253  ft.  centers.  Speed  600 
ft.  per  minute.  Load  carried  at  time  of  test  215  tons 
per   hour.    Conveyor   is  provided   with  self  propelling 
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tripper.    Readings,  including  motor  and  drive,   axe  as 

follows: 

Horse  power 

Starting  load  empty 24. 3 

Runniug  empty.  ...  11 

Running  loaded 11.7 

Moving  tripper 13 . 3 

Belt  empty 
Mr.  Baldwin's  formula  gives  9.18  Lp.  without  tripper. 
Mr.  Peck's  table  gives  11.70  h.p.  without  tripper. 
b  A  30-in.  conveyor,  386  ft.  centers,  running   horizontally 
at  348  ft.  per  min.,  carrying  coke  at  the  rate  of    60 
tons  per  hour. 
The  readings  including  motor  and  drive  were  as  follows: 

Horse  power 

Empty 13.4 

Loaded 13.4  to  14 

Mr.  Peck's  table  shows,  with  an  allowance  of  10  i>er  cent 
per  drive  but  without  considering  the  motor  efficiency, 
11.36  h.p. 

Mr.  Baldwin's  formula,  substituting  60  tons  for  the 
capacity  in  tons  per  hour,  gives  3.86  h.p. 

24  Of  course  Mr.  Baldwin  states  that  the  power  should  always 
be  figured  for  the  full  capacity  at  the  chosen  speed,  but  what  is  the 
full  capacity  of  coke  on  a  30-in.  belt  at  a  speed  of  348  ft.  per  minute? 

25  I  am  dwelling  on  this  point  to  indicate  that  while  the  formula 
may  yield  results  in  the  hands  of  a  man  who  is  privy  to  its  peculiarities, 
it  is  not  a  good  formula  for  general  use. 

Mr.  T.  a.  Bennett  With  reference  to  Fig.  9  in  Mr.  Peck's  paper 
and  his  mention  of  the  four-roll  idler  which  he  considers  best  for 
modern  practice,  I  would  call  attention  to  the  so-called  five-pulley 
idler  shown  in  illustration  herewith  and  mentioned  in  Fig.  7  of  Mr. 
Baldwin's  paper.  This  latest  development  of  the  idler  form  avoids 
the  crease  at  the  center  of  the  belt  where  the  greatest  load  comes.  It 
conforms  to  the  natxu'al  curve  of  the  belt  and  retains  the  valuable 
feature  of  a  center  horizontal  pulley.  This  horizontal  pulley  is  neces- 
sary for  guiding  purposes,  as  without  it  the  belt  rides  up  and  down  the 
inclined  idlers  according  to  its  loading. 
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2  With  reference  to  belts  Mr.  Baldwin  sa3r8  truly  in  Par.  20  that 
"the  belt  conveyor  industry  has  been  built  up  mainly  on  the  remark- 
able showing  of  the  rubber  belts  made  by  Mr.  Robins."  I  expected 
to  have  to  call  attention  to  the  absence  of  the  patent  belt  in  Mr. 
Baldwin's  paper^  but  I  see  this  omission  has  been  well  brought  out 
in  the  discussion. 

3  It  was  found  that  the  requirements  of  a  conveyor  belt  were: 

a  Extra  rubber  cover  at  the  center  where  the  greatest  wear 

comes; 
b  Pliability  to  fit  the  curve  of  the  troughing  idler; 
c   Heavy  edges  to  stiffen  and  strengthen  it. 


Fio.  1    Five  Pullet  Idler 

4  I  desire  to  correct  the  statement  that  the  wear  on  the  cover  is  uni- 
form. We  all  know  that  the  wear  comes  mostly  in  the  center,  the  plies 
wearing  away  in  steps  rising  to  the  edge,  which  is  often  not  worn.  These 
requirements  were  all  met  in  practice  by  the  patent  belt  made  by  the 
Robins  Conveying  Belt  Company,  a  belt  of  uniform  thickness,  with  a 
heavy  rubber  cover  and  extra  plies  of  duck  extending  in  part  way  from 
each  edge,  thus  protecting  and  strengthening  the  edges  and  saving 
the  use  of  unnecessary  rubber.  The  resulting  belt  can  be  made  as 
heavy  at  the  center  as  will  conform  to  the  troughing  idler  and  the 
heavy  duck  edges  add  stiffness  and  strength  to  the  belt. 

5  Regarding  the  waterproof  qualities  of  rubber  belts  referred  to 
in  Par.  27,  while  it  may  be  correct  to  state  that  they  are  not  "abso- 
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lately  waterproof,"  they  are  practically  so.  The  friction  rubber  is 
forced  into  the  mesh  of  the  duck  and  not  only  surrounds  each  thread 
but  covers  each  ply,  insulating  it  from  its  neighbor.  An  investiga- 
tion of  many  belts  after  service  has  shown  me  that  the  moisture  from 
a  cut  or  puncture  extends  around  it  into  the  belt  only  about  an  inch; 
in  fact  we  all  know  that  the  superiority  of  rubber  belts  in  the  resist- 
ance of  moisture  was  the  cause  of  their  original  adoption  as  driving 
belts  in  damp  places. 

6  Rubber  belts  with  extra  cover  are  the  only  ones  that  can  stand 
the  service  mentioned  in  Par.  27  in  handling  dredgings,  wet  tailings, 
etc.  On  over  fifty  gold  dredges  in  California,  the  Yukon  and  else- 
where, they  are  handling  wet  tailings;  on  the  other  hand,  a  30-in.  seven 
ply  balata  belt  tried  on  a  gold  dredge  in  California  lasted  but  1330  hr. 
under  exactly  the  same  conditions  under  which  the  Robins  Convey- 
ing Belt  Company's  belts  preceding  it  had  averaged  5000  hr.  The 
question  of  moisture  is  not  a  determining  factor  in  the  life  of  a  well- 
made  rubber  belt  except  at  the  very  end  of  its  service. 


Fig.  2    Diagram  Showing  Relative  Wear  Under  Sand  Blast 

7  The  accompanying  cuts  show  the  relative  ability  of  various 
belts  and  materials  to  resist  abrasion.  On  a  board  are  mounted  the 
following  materials,  named  in  order  from  right  to  left:  Cast  iron, 
rubber  belt,  woven  cotton  belt,  stitched  canvas  belt,  balata  belt, 
rubber  belt,  stitched  canvas  belt,  woven  cotton  belt,  balata  belt,  bar 
steel. 

8  This  block  was  subjected  to  the  action  of  the  sand  blast  by 
passing  the  nozzle  uniformly  back  and  forth  over  the  center  line  for^a 
period  of  45  min.  From  this  and  many  past  experiments,  we  find 
the  relative  abrasive  resisting  qualities  of  these  materials  to  be  as 
follows,  taking  the  volume  of  rubber  belt  worn  away  as  being  1.0: 

Rubber  belt 1.0 

Rolled  steel  bar 1.5 

Cast  iron 3.5 

Balata  belt,  including  gum  cover 5.0 

Woven  cotton  belt,  high  grade 6.5 

Stitched  duck,  high  grade 8.0 

Woven  cotton  belt,  low  grade 9.0  to  16.0 
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9  Par.  30  of  Mr.  Baldwin's  paper  will  bear  correction  regarding 
impairment  in  the  strength  and  vitality  of  the  fabric  in  rubber  belts 
by  the  great  heat  of  vulcanization.  The  "great  heat"  mentioned 
is  only  that  due  to  a  steam  pressure  of  40  lb.  or  about  290  deg.  fahr., 
which,  of  course,  is  not  enough  to  affect  the  cotton. 

10  Par.  43  brings  up  the  detail  of  the  discharge  from  the  belt. 
This  discharge  follows  the  path  of  a  trajectory  based  on  the  velocity 
of  the  material  and  independent  of  the  diameter  of  the  pulley.  The 
course  of  its  fall  is  modified  somewhat  if  the  material  clings'to  the 


Fig.  3    Block  Showing  Results  of  Abrasive  Tests  on  Different  Materials 

belt:  for  clinging  materials  a  clean  discharge  can  sometimes  be  gotten 
only  by  high  speed. 

11  While  there  are  mechanical  diflSculties  to  be  overcome  con- 
nected with  the  belts,  drives,  idlers,  etc.,  the  real  engineering  in  the 
conveyor  business  is  in  the  handling  of  the  materials  themselves. 
The  success  of  an  installation  depends  upon  an  intimate  knowledge 
of  these  materials  and  of  their  chemical  and  adhesive  action  on 
belts,  and  most  important,  their  flow  in  the  chutes. 
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Mr.  E.  H.  Messiter^  Mr.  Baldwin  and  Mr.  Haddock  have  dealt 
with  the  subject  of  tension  in  conveyor  belts.  This  is  one  of  the 
most  important  factors  in  the  design  of  conveyor  drives. 

2  Mr.  Baldwin  gives  for  the  tension  in  the  belt 

h.p.  X  33  OOP 
S  XW 

S  is  the  belt  speed  and  W  the  width  of  belt.  This  formula,  how- 
ever, gives  the  effective  pull  per  inch,  or  the  difference  between  the 
tension  on  the  tight  side  of  the  pulley  and  that  on  the  slack  side. 

3  The  effective  pull  per  inch  is  a  figure  that  is  useful  in  power 
transmission  work,  but  in  belt  conveyor  practice  it  is  necessary  to 
go  further  and  find  the  actual  tension  in  the  belt.  The  reason  for 
this  is  that  there  is  such  a  variation  in  arc  of  contact  and  in  the 
coefScient  of  friction  of  the  pulley  surfaces  used  in  different  drives 
that  the  relation  between  tension  and  effective  pull  varies  widely. 

4  To  find  the  actual  tension  we  resort  to  the  old  formula 

T 

[^    |Q0«000758/a 

which  means  that  the  logarithm  of  the  ratio  between  the  tensions 
on  the  tight  and  slack  sides  is  equal  to  0.000758  multiplied  by  the 
product  of  the  coefficient  of  friction  into  the  arc  of  contact. 

5  Combining  the  above  equation  with  the  following  formula  for 
the  effective  pull,  we  are  able  to  find  the  tension  in  any  conveyor 
belt. 

h.p.  X  33000 


Putting  y  -  loo^oomsfa  _  ij 


r. 

we  have  for  the  maximum  tension  in  a  horizontal  belt 

h.p.  X  33  000  X  fi 


T^' 


SxiR-l) 


6  In  regard  to  the  belt  conveyor  with  shallow  trough  which  has 
been  mentioned  by  Mr.  Peck  and  Mr.  Piez,  a  question  suggests  it- 
self. 

7  Remembering  that  the  earliest  conveyor  belts  were  flat  and 
»E.  H.  Messiter,  The  Robins  Belt  Conveyor  Co.,  Paesaic,  N.  J. 
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that  the  only  object  of  troughing  was  to  gain  an  increase  of  capacity 
80  that  when  a  belt  has  to  be  renewed  it  will  cost  less  money,  it  may 
be  asked:  unless  we  are  going  to  get  a  substantial  increase  of  capacity 
by  means  of  a  good  deep  trough,  what  is  the  use  of  troughing  at  all, 
and  thereby  sacrificing  the  simplicity  of  the  single  roller  that  suffices 
to  carry  the  flat  belt? 

8  In  connection  with  the  subject  of  the  diameter  of  conveyor  belt 
pulle3rs,  Mr.  Haddock  has  proposed  a  minimum  of  5  in.  for  each  ply 
of  belt  while  Mr.  Piez  contends  that  8  in.  should  be  the  limit.  The 
argument  of  the  latter  by  analogy  from  transmission  belts  and  driv- 
ing ropes  fails  to  take  account  of  the  wear  on  the  face  of  the  belt  due 
to  the  impact  of  the  material  carried.  In  a  properly  constructed 
belt  conveyor  for  anything  but  the  lightest  work  the  life  of  the  belt 
is  determined  by  the  length  of  time  its  rubber  cover  withstands  the 
abrasion  of  the  material  carried.  We  can  therefore  take  some  liberties 
in  the  way  of  smaller  pulleys  and  counterbinding  and  can,  I  believe, 
use  something  not  far  from  Mr.  Haddock's  recommendation  for  the 
minimum  diameter  of  pulleys.  Conveyor  belts  are  certainly  made 
today  that  wear  out,  as  they  should,  by  the  abrasion  of  the  rubber 
cover. 

9  Passing  to  the  question  of  the  power  consumption  of  belt  con- 
veyors, I  agree  with  Mr.  Piez  that  it  would  be  desirable  to  have  a 
uniform  method  of  computation,  but  it  will  never  be  possible  to  test 
the  constants  for  a  conveyor  of  one  make  by  trial  with  a  conveyor 
of  another  design. 

10  Mr.  Baldwin  has  given  a  formula  for  horse  power  in  which 
the  constant  is  multiplied  by  the  capacity  and  the  length  without 
direct  reference  to  the  belt  speed.  In  its  original  form  this  formula 
has  been  in  use  for  several  years.     It  is  as  follows: 


h-P-  '•77^\L(F,T  +  F,S)  +  HT 


I^[^(^'^ 


in  which 

L  —  Length  of  conveyor. 

Fj^  =  Load  factor. 

F,  =»  Speed  factor. 

T  =  Capacity  in  tons  per  hour. 

S  =»  Belt  speed. 

H  =■  Height  through  which  load  is  lifted. 
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11  This  formula  is  applicable  to  any  belt  conveyor  and  will  show 
the  difference  in  power  consumption  between  a  loaded  conveyor  and 
one  running  empty. 

Prof.  R.  C.  Carpenter  I  merely  want  to  say  a  few  words  on  the 
subject  of  the  paper  of  Mr.  Tomlinson  and  on  the  subject  of  convey- 
ing machinery  in  the  Portland  cement  industries.  His  paper  gives 
the  impression  which  I  think  to  be  an  error,  that  belt  conveyors 
are  mostly  used  in  these  plants.  He  says  that  this  industry  more 
than  any  other  depends  upon  conveying  machinery  for  transporting 
raw  material  from  where  it  is  mined  to  the  mill  and  through  all  the 
processes  required  to  manufacture  it  and  to  the  bins  for  the  finished 
product.  I  think  the  history  of  conveying  machinery  in  the  Portland 
cement  plants  shows  that  it  has  been  the  source  of  more  trouble  and 
expense  than  almost  anything  else  connected  with  the  industry.  The 
material  to  be  handled  is  very  gritty  and  heavy;  consequently  it  is 
hard  upon  the  conveying  machinery.  The  cost  of  maintenance  may 
be  entirely  out  of  proportion  to  the  cost  of  installation  if  light  con- 
veyors are  installed;  for  that  reason  it  pays  in  the  end  to  put  in  very 
heavy  machines.  I  think  Mr.  Dodge  will  bear  me  out  in  this,  for  I 
know  that  he  has  been  called  upon  very  often  to  repair  defects  in  the 
conveyor  system  of  cement  mills. 

2  I  understand  from  Mr.  Tomlinson's  paper  that  the  screw  con- 
veyor is  used  but  little  in  cement  mills.  My  experience  is  very  dif- 
ferent from  this;  my  observation  indicates  that  it  is  largely  used  in 
cement  mills.  If  well  built  it  is  very  satisfactory  and  will  stand  up  to 
its  work  better  than  any  other  type;  its  field  however  is  limited. 

3  It  cannot  handle  coarse  stuff  satisfactorily.  The  material 
must  be  broken  up  to  a  quarter-inch  diameter  or  less  in  order  to  be 
handled  satisfactorily  by  a  screw  conveyor.  From  my  experience  in 
cement  mills  I  should  say  the  belt  conveyor  would  handle  satisfac- 
torily materials  not  dusty  or  gritty ;  but  a  large  portion  of  the  material 
in  the  cement  industry  is  very  dry  and  dusty  and  it  is  extremely 
diflScult  to  prevent  the  belt  from  scattering  a  great  deal  of  dust,  for 
which  reason  the  belt  conveyor  has  failed  in  many  cases.  I  might 
say,  however,  that  there  are  many  belt  conveyors  in  satisfactory  use 
in  the  cement  industry  although  the  proportion  to  the  total  is  small. 

4  One  form  of  conveyor  has  not  been  mentioned  here,  I  think, 
one  originally  designed  and  patented  by  Mr.  C.  W.  Hunt  which  has 
proved  satisfactory  in  the  cement  industry,  a  car  system  handled 
by  a  continuous  moving  steel  rope.    This  is  one  of  the  most  satis- 
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factory  systems  of  conveying  that  has  been  designed  for  the  cement 
mills.  If  a  car  breaks  down  it  does  not  stop  the  whole  plant,  as 
another  can  be  supplied  without  stopping;  whereas  with  other  types 
if  a  part  of  one  conveyor  breaks  down  it  may  put  out  of  service  prac- 
tically the  whole  plant. 

5  Another  word  in  regard  to  the  elevator  in  cement  mills.  The 
material  has  to  be  handled  and  carried  both  horizontally  and  verti- 
cally, and  so  arranged  that  it  can  be  moved  over  and  from  one  level 
to  another.  Mr.  Himt  introduced  a  system  of  automatic  cars  which 
may  be  pushed  on  elevators  and  carried  up  to  different  levels  and 
shoved  over  to  the  desired  point  by  trolleys  or  by  hand.  That  system 
is  coming  into  almost  universal  use  and  is  as  well  thought  of  as  any 
system  at  the  present,  in  my  opinion. 

Mb.  K  S.  Fickes  Mr.  Peck  in  his  very  interesting  paper  does  not 
describe  a  conveyor  which  has  been  found  quite  useful  for  handling 
findy  divided  dry  materials  and  particularly  those  which  are  gritty 
and  dusty.  This  conveyor  consists  of  a  tube  with  its  axis  either 
horizontal  or  slightly  inclined;  the  tube  is  rotated  on  external  bear- 
io09  or  trunnions  and  the  material  is  carried  forward  either  by  the 
slope  of  the  tube,  if  it  is  inclined,  or  by  a  helicoid  or  helicoidal  arrange- 
ment  of  vanes  or  blades  on  the  inside  of  the  tube.  The  helicoid,  or 
the  vanes  which  replace  it,  revolves  with  the  tube,  thus  carrying  the 
material  forward  As  the  material  is  inside  the  tube  it  causes  no 
wear  excepting  that  due  to  its  flow  as  it  rolls  spirally  through  the 
revolving  tube  from  one  end  to  the  other.  The  bearings  and  trunnions 
are  not  exposed  at  all  to  the  material  being  conveyed. 

2  When  the  conveyors  are  small  they  can  be  built  of  rolled  steel 
pipe,  with  rolled  or  cast  helicoids  forced  or  keyed  into  them  so  that 
there  will  be  no  motion  between  the  helicoid  and  the  outer  shell. 
Larger  conveyor  shells  must  be  built  up  of  plates  with  either  a  con- 
tinuous helicoid  or  suitable  vanes  fastened  to  the  shell.  Excepting 
in  the  case  of  very  small  conveyors,  trunnion  bearings  are  used,  the 
conveyor  being  carried  preferably  by  rolled  steel  tires  turned  true  and 
rolling  on  the  trunnion  bearings.  The  conveyors  can  be  driven  either 
by  gears,  sprocket  chains,  or  belts. 

3  When  the  material  is  transferred  from  one  length  of  conveyor 
to  another,  or  when  it  is  necessary  to  put  an  ungle  in  the  conveyor, 
the  end  of  the  conveyor  is  fitted  into  a  box  or  transfer  station  into 
which  the  material  is  discharged  and  from  which  it  is  fed  into  the 
oext  section. 
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4  A  simple  arrangement  to  prevent  the  escape  of  dust  from  these 
transfer  stations  consists  of  a  series  of  outstanding  circumferential 
ribs  on  the  shell  of  the  conveyor  which  mesh  into  a  corresponding 
series  of  stationary  ribs  on  the  transfer  station  with  just  enough 
space  between  to  prevent  them  from  rubbing.  This  arrangement  is 
particularly  useful  if  the  materials  are  very  gritty,  in  which  case  the 
grooves  on  the  transfer  station  must  be  designed  to  discharge  into 
it  the  dust  which  lodges  in  them.  When  the  material  is  not  gritty 
some  simple  form  of  packing  ring  or  stuffing  box  can  be  used,  although 
its  use  will  increase  somewhat  the  power  required  to  run  the  conveyor. 

5  The  material  is  fed  into  the  smaller  conveyors  by  suitably 
shaped  blades  attached  to  the  open  end  of  the  tube.  When  the 
conveyors  are  large  enough  a  feeding  spout  is  carried  into  the  con- 
veyor a  short  distance,  and  the  end  of  the  conveyor  is  covered  by  a 
head  fitting  the  spout  so  as  to  prevent  the  material  from  rolling  out 
of  the  conveyor. 

6  This  type  of  conveyor  is  particularly  useful  in  chemical  works 
and  similar  plants  where  lime,  soda  ash  and  similar  materials  are 
handled,  the  dust  from  which  is  often  extremely  disagreeable  and 
annoying.  It  is  also  a  very  useful  conveyor  when  such  dusty  materials 
have  to  be  heated  or  cooled  as  well  as  carried  from  place  to  place  in 
the  works.  If  the  material  is  extremely  hot,  it  is  necessary  either  to 
line  a  portion  of  the  conveyor  with  fire  brick  or  use  water  jackets  to 
prevent  the  heat  from  burning  or  otherwise  injuring  the  machinery. 
When  the  material  is  not  too  hot,  a  cast  iron  shell  can  be  used  with 
cast  iron  helicoids  or  blades  for  the  parts  exposed  to  the  greatest 
heat,  these  being  made  so  as  to  be  easily  replaced  when  destroyed. 
The  cooling  of  the  material  as  it  is  conveyed  can  be  accelerated  by 
spraying  water  on  the  outside  shell  of  the  conveyor,  suitable  guards 
being  placed  to  keep  the  water  off  the  bearings  and  from  getting 
into  the  transfer  stations. 

7  Sometimes  materials  have  to  be  gently  heated  or  maintained 
at  a  uniform  temperature  as  they  are  transferred  from  one  depart- 
ment of  the  works  to  another,  and  this  is  accomplished  by  placing 
gas  jets  along  the  under  side  of  the  conveyors.  If,  however,  more 
accurate  regulation  of  the  temperature  is  required  and  the  material 
does  not  need  to  be  heated  too  highly,  a  stationary  steam  heated 
pipe  placed  on  the  axis  of  the  conveyor  can  be  used,  the  shell  being 
covered  with  insulating  material  to  decrease  the  loss  of  heat  by 
radiation. 

8  It  is  evident  that  this  type  of  conveyor  is  not  adapted  to 
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material  which  from  dampness  or  other  causes  would  tend  to  cling 
togsther  and  choke  it,  nor  for  the  same  reason  can  material  contain- 
ing large  lumps  be  handled  through  the  smaller  sizes  haying  a  con- 
tinuous helicoid  which,  with  the  shaft  about  which  it  is  coiled,  fills 
the  entire  tube. 

9  The  high  first  cost  of  this  type  of  conveyor,  as  compared  with 
its  carrying  capacity,  greatly  limits  its  field  of  usefulness,  but  for 
some  materials  and  under  certain  conditions  it  is  a  valuable  machine. 

THE  SPIRAL  SPRING  CONVBTOR  BELT  IDLER 

Mr.  E.  G.  Thomas  A  new  form  of  troughing  idler  pulley  for  con- 
veyor belts  employs,  instead  of  the  usual  cast  iron  pulleys,  a  flexible 
roller  consisting  of  a  spiral  spring,  5  in.  in  diameter,  rotatively  sup- 
ported in  horizontally  pivoted  bearing  boxes.  The  spring,  under 
the  weight  of  the  belt  and  its  load,  stretches  and  sags  to  a  smooth 
enrve  of  approximately  circular  shape  and  the  belt  bends  to  a  troughed 
form  in  contact  with  and  supported  by  the  spring  across  its  entire 
width.  As  the  spring  ia  of  the  same  diameter  throughout,  there  is 
pure  rolling  contact  at  all  points  between  the  spring  and  belt.  The 
spring  has  about  two  coils  per  inch  of  belt  width. 

2  The  size  of  wire  used  for  the  spring  varies  according  to  the  load 
to  be  carried  and  the  commercial  idler  will  be  so  made  that  the 
extreme  fiber  stress  will  be  about  15  000  lb.  per  square  inch.     As 


L  K  tt  ^^^*  ^    Spiral  Spring  Roller  for  Belt 

the  variation  in  fiber  stress  as  the  spring  turns  is  only  from  one-fifth 
to  one-tenth  of  the  maximum,  a  satisfactory  life  for  the  spring  is 
assured.  In  all  cases  the  spring  is  designed  to  have  such  strength 
that  when  the  belt  is  carrying  its  maximum  load  the  area  of  the 
eross  section  of  the  load  will  be  the  same  as  that  of  the  ordinary  35 
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deg.  three-pulley  idler,  so  that  the  two  forms  have  equal  canying 
capacity.  Under  any  less  load  than  the  maximum  the  depression  of 
the  spring  and  the  bending  of  the  belt  is  less  than  the  extreme. 


Fio.  2    Ball  Bibarino  for  End  of  Spring 

3  The  pivots  of  the  bearing  boxes  permit  them  to  accommodate 
themselves  to  the  varying  direction  of  the  pull  of  the  spring  as  it  is 
depressed  more  or  less  by  the  changes  in  load,  and  as  the  strain  on 
the  bearing  is  chiefly  that  of  thrust,  ball  bearings  are  used  to  advan- 
tage. 

4  By  the  use  of  this  idler,  the  curvature  of  the  belt,  instead  of 
being  concentrated  along  certain  longitudinal  lines,  is  equally  dis- 
tributed across  its  entire  width  and  the  degree  of  curvature  is  so 
small  that  wear  from  this  source  is  practically  eliminated.    The 


Fig.  3    Loaded  Conveyor  with  Spiral  Spring  Idler 

weight  of  the  spring  is  much  less  than  that  of  corresponding  cast 
pulleys  and  the  power  required  for  its  rotation  in  ball  bearings  is 
much  smaller  than  is  needed  for  the  usual  flat  bearing  with  grease 
lubrication.  The  cost  of  lubrication  will  be  reduced  to  the  use  of 
sufficient  light  oil  at  long  intervals  to  keep  the  bearings  free  from 
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rust.  In  the  conveying  of  material  containing  large  masses^  such  as 
the  tailings  conveyors  of  dredges,  the  spiral  spring  idler  has  important 
advantages,  and  because  of  its  elastic  character,  will  receive  no 
damage  from  the  shock  of  a  falling  rock  which  may  break  the  rim 
of  a  cast  pulley. 


Fig.  4     Belt  Running  Empty 

5  In  the  illustrations.  Fig.  1  is  an  elevation  of  the  idler  under 
full  load,  Fig.  2  is  a  cross  section  of  the  bearing  box,  and  Fig.  3  and 
Pig.  4  are  photographs  of  the  idler  in  use  under  a  belt  canying  coal. 

Prop.  H.  Wade  Hidbard  ofifered  a  discussion  from  the  point  of  view 
of  the  railroads.  He  said,  in  part,  that  it  should  be  recognized  that 
the  railroads  present  quite  a  different  problem  from  that  of  other 
industrial  organizations.  If  anything^goes  wrong  with  the  coal  or 
other  conveying  installation  of  a  private  plant,  the  finances,  or^the 
reputation  of  the  business,  may  suffer;  but  with  a  railroad  engaged  in 
public  service,  we  must  not  forget  that  whatever  happens  the  trains 
must  operate;  that  those  who  wish  to  travel  expect  to  go  on  time;  and 
that  shippers  expect  their  goods  to  be  delivered  on  time,  and  at  the 
minimum  cost  of  transportation.  Therefore,  when  making  an  install- 
ation for  coaling  locomotives  it  must  be  remembered  that  the  in- 
stallation must  not  break  down. 

2  He  disagreed  with  Mr.  Baldwin  as  to  the  order  of  importance  of 
the  requirements  for  conveyors  for  railroad  use.  Freedom  from  shut- 
down is  the  first  and  most  important  point;  that  stands  in  a  class  by 
itself.    Number  2  would  be  speed  of  coaling;  3,  suitable  location  as 
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regards  ground  used  and  locomotive  movement;  4,  cost  per  ton  of 
handling. 

3  Incoming  engines  must  be  coaled,  fires  cleaned,  inspected  and 
oiled  in  the  shortest  possible  time,  and  the  engines  quickly  turned 
into  service  again.  A  terminal  superintendent  states  that  he  has 
reduced  the  delay  at  the  locomotive  terminal  from  two  hours  to 
twenty  minutes  without  the  use  of  conveying  machinery.  Of  course 
that  is  a  timed  record.  Commonly,  the  men  do  not  work  at  that 
speed.  Labor  saving  machinery  and  appliances  at  overhead  pockets, 
however,  can  be  handled  constantly  at  record  speed,  and  therein  lies 
one  of  the  advantages  of  the  conveyor,  if  ground  area  doe?  not  permit 
pockets  with  trestles. 

4  The  location  of  a  coaling  plant  often  presents  a  more  fascinat- 
ing problem  than  a  game  of  chess,  calling  for  high  skill  in  operating, 
in  civil  engineering,  and  in  motive  power  departments  to  avoid  inter- 
ference with  main  line  operation.  It  necessitates  making  good  use 
of  the  ground,  whatever  its  area  and  topography,  erecting  suitable 
structures,  preventing  interference  of  locomotives  with  each  other,  and 
aiding  in  inspections  and  running  repairs. 

5  Par.  54  of  Mr.  Peck^s  paper  refers  to  the  cost  of  maintenance  of 
the  trestle  type  after  the  first  15  years.  Some  railroads  make  use 
of  natural  ground  contours  for  the  incline,  thus  avoiding  the  artifi- 
cial structure. 

6  Among  the  many  items  making  up  the  total  cost  of  coal,  I 
would  suggest  that  not  too  much  attention  be  given  to  the  cost  of 
fuel  to  handle  the  coal.  The  vast  amount  of  coal  used  for  locomo- 
tives, its  consequent  cheapness,  its  haulage  by  the  railroad  for  itself, 
make  the  amount  used  in  the  operation  of  the  coaling  station  only 
a  drop  in  the  bucket.  Too  great  attention  to  this  item  may  divert 
attention  from  other  more  important  items. 

7  Finally,  might  I  add  that  suflScient  time  ought  always  to  be 
taken  in  the  initial  stage  of  the  creation  of  this  or  any  other  engineer- 
ing property,  the  stage  of  "contemplation,"  which  properly  precedes 
the  stage  of  '*  design."  Also,  during  both  of  these  stages  there  should 
be  maintained  the  closest  cooperation  among  the  departments  o  the 
railroad  concerned,  especially  with  the  motive  power  department 
which  is  to  use  the  property  and  will  sufifer  most  from  its  ill  design. 

Mr.  J.  McGeorqe  I  had  two  questions  to  ask,  one  of  which,  upon 
the  best  method  of  conveying  cement,  has  been  answered  by  Professor 
Carpenter.     The  second  question,  which  is  closely  allied  with  the 


Digitized  by  VjOOQIC 


THE   CONVEYING   OF   MATERIALS  259 

first,  is  that  of  the  best  method  for  getting  material  like  cement  into 
a  conveyor.  What  is  the  angle  at  which  finely  ground  cement  will 
flow? 

2  I  cannot  criticise  Mr.  Titcomb  much  because  of  omissions  from 
his  paper,  for  I  know  how  diflScult  it  is  to  get  all  relating  to  a  subject 
in  a  single  paper ;  but  I  did  notice  that  he  keeps  his  paper  almost  entirely 
to  coal  and  ore  handling  machinery. 

3  My  firm  is  now  building  an  installation  of  machinery  for  mixing 
concrete  for  some  large  government  locks.  We  are  putting  up  two 
crane  bridges  which  take  the  sand  and  gravel  from  barges  in  the  river 
by  means  of  clam  shell  buckets,  dumping  the  same  into  the  concrete 
mixer,  from  the  mixer  dropping  the  concrete  into  a  bucket,  and  laying 
it,  all  by  means  of  those  bridges,  right  in  place. 

4  There  has  been  no  trouble  whatever  in  handling  the  gravel  and 
sand  by  means  of  the  grab  bucket,  etc.,  but  there  has  been  trouble 
in  getting  the  cement  in  place  to  mix  with  the  other  ingredients  of  the 
concrete.  We  are  handling  cement  in  bulk,  through  a  system  of  bins 
and  inclined  chutes.  The  bins  are  built  in  the  form  of  hoppers  and 
the  chutes  discharge  into  a  locomotive  bin  car  which  runs  an  average 
of  600  ft.  to  the  mixer,  and  the  cement  is  then  elevated  into  a  tank 
and  from  that  discharged  into  the 'mixer. 

5  Our  trouble  is  a  little  peculiar.  The  government  engineers 
insist  upon  positive  measurements.  In  these  positive  measurements 
we  had  trouble  with  the  cement  conveyors.  One  difficulty  was  to 
determine  the  angle  at  which  cement  would  flow.  I  would  be  glad 
to  hear  from  anyone  who  can  answer  that  question. 

Mr.  William  T.  Donnelly  This  discussion  has  been  extended 
to  cover  the  art  of  conveying,  broadly,  but  there  still  remains  one 
branch  which  has  not  been  touched  upon,  in  spite  of  the  fact  that  it 
deals  with  the  oldest  known  system  of  conveying  — ^the  system  that 
is  handling  the  greatest  quantities  of  material,)and  one  that  has  been 
steadily  at  work  since  the  beginning  of  the  world. 

2  I  refer  to  the  conveying  of  solid  material  by  running  water. 
The  rivers  and  streams  of  the  country  are  every  year  conveying 
countless  millions  of  tons  of  material  .*n  their  open  channels,  the 
force  in  use  being  the  velocity  of  the  water  as  it  descends  from  higher 
to  lower  elevations. 

3  At  the  present  time,  man  is  using  the  principle  exemplified  in 
thb  method  of  conveying  in  the  dredging  of  harbors  and  rivers,  and, 
to  a  limited  extent,  in  the  conveying  of  material  for  the  construction 
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of  dams,  the  velocity  being  imparted  to  the  water  by  a  centrifugal 
pump  operated  by  a  steam  engine,  thus  bringing  in  purely  mechanical 
apparatus,  and  bringing  this  system  of  conveying  within  the  scope  of 
the  mechanical  engineer. 

4  It  is  rather  a  remarkable  fact^  that  all  such  plants  as  have 
been  used  for  this  system  of  conveying  up  to  the  present  time  have 
been  of  a  temporary  nature;  that  is,  they  have  been  constructed 
and  adapted  to  operate  on  a  special  contract  for  a  limited  time,  after 
which  they  would  be  displaced  or  dismantled. 

5  The  economy  or  the  low  cost  of  handling  material  by  this  system 
is  most  remarkable.  In  dredging  operations,  the  cost  will  range 
from  10  to  20  cents  per  cubic  yard,  with  material  conveyed  a  dis- 
tance of  from  one-half  to  more  than  one  mile. 

6  From  the  necessity  for  conveying  large  quantities  of  material 
is  developed  the  particular  kind  of  conveyor  best  suited  to  meet  the 
conditions,  and  it  has  seemed  desirable  to  me  at  this  time  to  call  par- 
ticular attention  to  this  method  of  conveying  solid  material  by  water, 
as  I  believe  that  in  the  near  future  there  will  arise  a  demand  for  the 
continuous  conveying  of  material  by  this  system,  and  I  am  convinced 
that  its  lack  of  development  has  been  due  to  the  fact  that,  up  to  this 
time,  there  has  not  been  a  sufficient  demand  to  call  for  the  continuous 
conveying  of  material  through  pipe  lines. 

Mr.  Henry  Harrison  Suplee  This  matter  of  conveying  materials 
by  hydraulics  has  been  well  carried  out.  One  thing  I  think  is  worthy 
of  mention,  and  that  is  the  handling  of  ashes  on  shipboard.  On  nearly 
all  the  ocean  liners  the  ashes  from  the  boiler  or  from  the  furnaces 
are  dumped  in  water  and  with  a  steam  injector  emptied  over  the 
side  of  the  ship.  The  disposition  of  ashes  was  one  of  the  most  diffi- 
cult problems  on  shipboard;  it  created  a  great  deal  of  dirt  and  dust 
and  labor.  Now  they  are  forced  out  with  a  stream  of  water  and 
with  perfect  ease  and  freedom  from  dust.  I  think  this  device  was 
the  invention  of  one  of  our  members,  and  is  now  used  universally. 

Prop.  Wm.  Kent  A  former  president  of  the  New  York  Steam  Com- 
pany, W.  S.  Andrews,  now  deceased,  made  some  experiments,  10  or 
15  years  ago,  on  the  carrying  of  anthracite  coal  in  pipes  by  means  of 
water  pressure,  and  it  was  claimed  that  considerable  success  was 
reached. 

Mr.  a.  B.  Proal    (presented  by  Mr.  T.  A.  Bennett)     I  speak 
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for  Mr.  Proal,  who  is  unable  to  be  present  and  asked  me  to  give 
some  data  regarding  bridges  and  towers. 

2  There  are  some  unique  features  in  connecjtion  with  the  bridge 
illustrated  in  Fig.  14  of  Mr.  Titcomb's  paper.  A  36-in.  belt  conveyor 
is  made  use  of  for  handling  coal  into  storage  and  a  five-ton  (coal) 
bucket  for  taking  the  material  out  of  storage.  This  permits  putting 
iD  coal  or  other  material  and  taking  it  out  at  the  same  time,  giving 
a  bridge  of  double  capacity.  In  coke  plants  where  two  or  more  kinds 
of  coal  are  necessary,  the  field  can  be  divided  longitudinally  and  one 
kind  of  coal  stored  while  another  kind  is  being  reclaimed.  The  capac- 
ity of  the  bridge  is  700  tons  of  coal  per  hour  into  storage,  but  this  Can 
be  increased  by  increasing  the  size  of  the  belt.  Coal  has  been  taken 
out  of  storage  by  this  bridge  at  the  rate  of  300  tons  per  hour.  The 
storage  field  has  a  capacity  of  750  000  tons  and  is  arranged  to  be 
increased  to  1  000  000  tons  or  more  if  desired.  The  bridge  is  equipped 
with  a  man-troUey,  that  is,  the  man  rides  with  the  bucket.  Other 
features  are,  the  load  of  the  bridge  on  the  further  shear  leg  is  carried 
by  ball-and-socket  bearings,  and  the  bridge  is  driven  through  worm- 
gearing  which  removes  the  danger  of  the  bridge  running  away  in  a 
wind  storm. 

3  The  two  towers  illustrated  in  the  back  of  Fig.  18  of  Mr.  Bald- 
win's paper  have  established  averages,  respectively,  of  156  and  146 
tons  per  hour  in  cleaning  up  10  000  ton  boats.  It  is  important  in 
speaking  of  tonnage  to  note  that  this  refers  to  coal,  not  ore. 

Closures  to  the  Discussion  by  the  Several  Authors 

Mr.  G.  E.  Titcomb  To  Mr.  Pattison,  and  others,  the  author  would 
say  that  dealing  with  the  subject  from  the  standpoint  of  personal 
experience,  he  obviously  had  not  the  data  essential  to  a  general  report, 
and  could  merely  recognize  the  art  practiced  by  others. 

2  Mr.  Miller's  outline  of  the  usage  possible  to  cableways  is  ac- 
cepted as  authoritative,  though  our  practice  rarely  calls  for  the  em- 
ployment of  a  device  with  long  free  spans  in  transmission  of  loads. 
Mr.  Pattison  directs  our  attention  to  the  performance  of  a  number 
of  machines  at  various  points,  and  on  the  whole  his  facts  are  indorsed 
by  references  of  the  author  concerning  the  different  types  of  machin- 
ery employed.  A  point  must  be  made  of  the  apparent  discrepancy 
in  noting  the  importance  of  anthracite  coal-handling  machinery:  a 
natural  consequence  of  the  greater  prominence  resulting  from  the 
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early  attention  to  the  employment  of  mechanical  means,  and  of  the 
special  type  of  successful  apparatus  inaugurated. 

3  Our  summary  of  the  methods  now  in  vogue  for  taking  care  of 
the  immense  tonnage  of  bituminous  coal  may  be  considered  a  suffi- 
ciently clear  indication  of  the  ability  brought  to  bear  in  devising  ways 
and  means  to  handle  it  with  expedition  and  economy.  The  available 
statistics  will  eventually  serve  as  cumulative  evidence  of  the  progress 
following  intelligent  and  systematic  effort  to  perfect  facilities. 

Mr.  S.  B.  Peck  The  subject  of  belt  conveyors  seems  to  have  been 
very  thoroughly  handled.  I  regret  that  some  of  the  numerous 
other  successful  types  of  conveyors  have  not  elicited  fuller  discussion. 

2  I  agree  with  Mr.  Piez,  particularly  as  to  the  size  of  the  pulleys 
and  the  location  of  the  driving  point,  believing  that  the  Transactions 
of  this  Society  should  show  the  best  practice  rather  than  what  is 
occasionally  expedient  or  permissible,  and  should  even  anticipate  as 
far  as  possible  the  good  practice  of  the  future.  The  type  of  roller 
support  shown  in  the  lower  half  of  Fig.  9,  which  troughs  the  belt 
but  slightly  and  is  supported  by  shafts  runnning  in  pivoted  chain- 
oiling  bearings,  has  every  advantage  in  its  favor,  though  it  requires 
a  little  wider  belt  and  therefore  greater  first  cost.  I  believe  general 
experience  shows  that  this  objection  disappears  as  soon  as  the  real 
merit  of  a  device  is  recognized,  and  I  confidently  expect  to  see  this 
type  of  roller  support  very  largely  supersede  the  other  forms  in  the 
next  few  years. 

3  Mr.  Messiter  asks,  following  the  same  line  of  thought,  why  use 
a  troughed  belt  at  all:  to  which  I  would  say  that  the  slight  troughing 
by  the  roller  above  referred  to  gives  a  practical  increase  in  the  carry- 
ing capacity  of  the  belt  much  greater  than  might  be  supposed,  the 
flight  turning  up  of  the  edges  checking  the  tendency  of  the  material 
to  spread  laterally  and  dribble  off  the  edge  of  the  belt. 

4  Mr.  Bennett  has  criticised  the  four-roll  idler  where  a  deep 
trough  is  required,  shown  in  Fig.  9,  on  the  ground  that  a  central  hori- 
zontal idler  is  necessary  to  make  the  belt  run  true  and  prevent  a 
crease  in  the  center  of  the  belt.  My  experience  with  a  large  number 
of  the  four  roll  installations  has  not  shown  that  either  of  these  objec- 
tions exists,  at  least  with  a  belt  of  uniform  structure. 

5  I  believe  this  type  of  belt  least  liable  to  localized  bending,  and 
having  the  strains  caused  by  tension  uniformly  distributed,  it  has 
the  least  tendency  to  the  separation  of  the  plies  so  fatal  to  the  life  of 
a  belt. 
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6  An  advantage  is  claimed  for  the  belt  referred  to  as  the  "  Robins 
patent,"  in  the  added  thickness  of  rubber  cushion  in  the  center,  due 
to  the  omission  of  some  of  the  plies.  I  had  occasion  recently  to 
examine  an  installation  consisting  of  a  large  number  of  conveyors 
with  belts  of  this  type,  supported  on  three  roll  idlers,  with  sides 
inclined  about  35  deg.  AH  these  belts,  in  service  for  some  time, 
were  nearly  worn  out  on  the  carrying  side  above  the  inclined  side 
rollers,  due  presumably  to  the  impact  of  the  material  at  this  point, 
while  there  was  still  a  cushion  of  rubber  in  the  center  J  in.  thick  or 
more,  from  which  obviously  no  benefit  would  ever  be  received.  The 
natural  conclusion  was  that  the  distribution  of  this  rubber  over  the 
entire  belt  would  have  prolonged  its  life. 

7  Professor  Carpenter  brings  out  very  clearly  in  his  Par.  3  the 
limitations  of  the  belt  conveyor  for  cement  work,  also  speaking  of 
the  extended  use  of  the  screw  conveyor,  and  some  of  the  limitations 
to  which  I  had  also  referred.  The  type  of  conveyor,  however,  which 
seems  to  be  largely  superseding  both  of  these  in  the  cement  mills,  is 
the  pivoted  overlapping  bucket  carrier  which  I  have  shown  in  Fig.  16. 
Its  somewhat  greater  initial  cost  has  perhaps  prevented  its  more  general 
adoption  earlier,  but  its  advantages,  judging  from  the  large  number 
installed  in  the  most  recent  cement  plants,  seem  to  be  now  quite 
generally  recognized.  This  conveyor  is  perhaps  the  most  reliable, 
and  least  subject  to  derangement,  and  it  is  equally  adapted  to  fine 
and  dusty  or  coarsely  broken  and  gritty  materials  as  well  as  to  mate- 
rials at  a  very  high  temperature;  and  it  combines  in  the  same  machine 
the  ability  to  convey  and  elevate.  Both  Professor  Carpenter  and 
Mr.  Tomlinson  have  advocated  the  use  of  cars  in  cement  mills,  and 
after  all,  this  carrier  amounts  to  an  endless  train  of  small  cars.  Mr. 
Tomlinson  offers  the  criticism,  in  his  Par.  18,  that  these  carriers  are 
excessively  heavy  for  the  load,  which  I  think  is  hardly  borne  out  by 
the  facts.  The  following  are  the  weights  per  running  foot  of  some  of 
the  sizes  in  more  common  use,  together  with  the  amount  of  material 
handled  per  running  foot. 


Capacity  per  ft.  material 

SiM 

Weight  per  ft.  empty 

90  lb.  per  cu.  ft. 

Feet 

Pounds 

Pounda 

24  by  18 

70 

75 

24  by  24 

76 

100 

24  by  30 

80 

126 

24  by  3d 

85 

150 

30  by  36 

115 

180 
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8  Coroparison  with  the  weight  of  ordinary  industrial  cars,  or 
even  freight  car&,  will  show  in  favor  of  the  conveyor,  which,  particu- 
lariy  in  the  larger  sizes,  weighs  considerably  less  than  the  material 
handled.  As  to  eflSciency,  by  which  I  take  it  Mr.  Tomlinson  means 
the  power  necessary  to  operate,  comparison  with  either  type  of  car 
shows  about  the  same  advantage  in  favor  of  the  conveyor. 

9  I  also  want  to  take  exception  to  the  statement  made  by  Mr. 
Tomlinson  in  Par.  15,  that  the  pivoted  bucket  carrier  cannot  handle 
heated  material.  Carriers  of  this  class  are  in  very  successful  use  in 
both  cement  and  chemical  works,  handling  both  finely  ground  and 
coarsely  broken  material  at  nearly  white  heat.  Mr.  E.  S.  Fickes, 
who  has  contributed  a  very  interesting  discussion  on  the  subject  of 
conveyors  at  this  meeting,  I  think  will  bear  testimony  to  this  state- 
ment from  personal  experience. 

10  A  point  not  brought  out  by  my  paper  is  the  advantage  of 
chains  of  long  pitch — 18  to  24  in.  and  upwards.  These,  by  their 
fewer  joints  or  articulations,  reduce  the  weight  and  cost  of  the  con- 
veyors and  their  elongation  from  wear.  The  cost  of  lubrication  and 
repairs  is  also  correspondingly  reduced,  and  usually  chains  of  long 
pitch  afford  better  opportunity  for  the  secure  attachment  of  slats, 
pans  or  buckets.  Their  extended  use  has  been  made  possible  by 
what  is  commonly  designated  as  an  equalizing  gear.  As  the  sprocket 
wheels  are  polygonal  in  form,  with  usually  six  to  ten  sides,  there  is 
considerable  variation  in  the  lengths  of  the  controlling  radii,  varjring 
the  chain  speed  and  causing  a  jerky  motion.  The  pitch  circle  of  the 
equalizing  gear  wheel  has  a  varying  diameter,  or  a  number  of  lobes 
corresponding  to  the  number  of  sides  of  the  sprocket  wheel,  and  the 
pinion  is  correspondingly  eccentric.  The  regularly  varying  8p)eed 
ratio  therefore  exactly  counteracts  the  speed  variations  that  the 
differing  diameters  of  the  sprocket  wheel  would  cause.  This  device 
is  the  invention  of  Mr.  James  M.  Dodge,  a  well-known  member  and 
Past  President  of  this  Society,  to  whose  enthusiasm,  fertility  of 
mechanical  suggestion  and  keen  appreciation  of  commercial  utility, 
the  development  of  the  conveying  art  is  largely  due. 

Mr.  C.  J.  Tomlinson  I  wish  to  correct  the  impression  given  by 
my  paper,  in  regard  to  the  relative  proportion  of  use  of  belt  conveyors 
and  screw  conveyors.  As  Professor  Carpenter  states,  the  screw  con- 
veyor is  largely  used  in  this  work.  It  is  k  device  that  can  be  readily 
installed  where  the  head  room  is  restricted,  and  its  large  use  is  more 
the  result  of  an  effort  to  economize  in  the  cost  of  plant  erection  than 
of  the  superior  advantages  of  the  device  in  operation. 
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2  If  a  belt  conveyor  is  driven  at  oomparatively  slow  speeds,  about 
200  to  250  ft.  per  min.,  much  of  its  objectionable  dust  can  be  avoided. 
The  additional  cost  of  the  wider  belt  required  should  not  outweigh 
the  advantages  it  has  in  operation  over  the  less  expensive  screw  and 
easing. 

3  Mr.  J.  McGeorge  asks  the  angle  at  which  cement  will  flow. 
Cement  will  flow  into  a  bin,  and  settle,  at  an  angle  of  about  10  deg. 
from  the  horizontal ;  after  it  has  settled  and  the  air  has  escaped,  it  will 
stand  in  the  bin  at  about  the  same  angle  from  the  vertical.  This 
angle  of  repose  is  variable,  as  the  cement  falls  in  miniature  land  slides 
when  being  drawn,  and  in  the  process  of  one  of  these  slides  will  deliver 
through  a  hose.  I  have  measured  the  angle  in  a  number  of  bins  and 
found  it  var3ring  from  64  to  60  deg.  from  the  horizontal,  and  at  the 
latter  angle  it  is  very  stable.  A  trough  from  a  grinding  machine 
will  operate  at  an  angle  of  34^  deg.  with  free  delivery  at  all  times,  but 
cannot  be  depended  upon  to  start  itself  if  the  flow  is  shut  off  at  the 
lower  end. 

4  In  a  dusty  location  this  material  settles  on  beams  or  ledges  very 
like  a  heavy  snow,  clinging  together  with  an  apparent  angle  of  repose 
of  75  deg.  This  peculiarity  has  caused  trouble  in  belt  conveyor 
tripper  boxes,  because  of  the  tendency  of  detached  particles  to  lodge 
and  cone  up  about  the  heavy  stream,  preventing  its  free  discharge. 
A  box  giving  good  satisfaction  with  a  material  having  an  angle  of 
repose  of  45  deg.  will  often  give  trouble  with  cement. 

5  The  phrase  "  angle  of  repose  "  is  somewhat  misleading,  as  mate- 
rials often  have  one  angle  of  flow  through  a  smooth  spout,  another  at 
which  they  will  flow  over  themselves,  and  another  at  which  they  will 
stand  when  being  drawn  from  a  thoroughly  settled  storage.  These 
angles  all  affect  the  capacity  and  arrangement  of  conveyors,  bins  and 
storage  yards. 

6  In  Mr.  Peck's  closure  several  points  are  raised,  which  seem  to 
require  a  reply. 

7  An  18  by  24  in.  pivoted  bucket  conveyor,  with  a  capacity  of 
75  lb.  per  ft.  and  operating  at  a  speed  of  50  ft.  per  min.,  will  handle 
the  raw  material  for  a  5000  bbl.  plant  and  the  clinker  for  a  7000  bbl. 
plant.  For  this  reason  this  form  of  conveyor  in  the  larger  sizes  is 
little  used  in  cement  plant  work.  The  mechanical  efl&ciency  of  a  sim- 
ple type  of  car  may  be  increased  by  increasing  its  cubical  contents, 
but  an  arrangement  that  limits  the  use  of  these  cars  to  a  continuous 
chain  also  limits  this  increase  by  causing  the  capacity  of  the  chain 
to  become  so  great  as  not  to  be  applicable  to  the  average  condition. 
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8  Large  bins  and  intermittent  service,  or  a  very  slow  speed  of 
travel  and  a  correspondingly  large  conveyor,  are  possible  recourses 
but  serve  to  emphasize  the  limitations  of  this  arrangement.  The 
average  pivoted  bucket  conveyor  has  a  pair  of  carrying  wheels 
located  above  the  center  of  gravity  of  the  bucket  and  within  6  in.  of 
its  surface.  When  handling  a  highly  heated  material  the  problem  of 
retaining  a  lubricant  in  these  journals  is  a  difficult  one. 

9  The  application  of  a  grease  box  and  pad,  so  successful  in  rail- 
way practice,  is  prevented  by  the  fact  that  the  entire  car  is  revolved 
as  it  passes  around  the  various  sprockets.  Again,  their  large  number 
precludes  the  adoption  of  any  but  the  simplest  oiling  devices,  and 
also  prevents  more  than  a  minimum  of  individual  attention. 

10  In  cement  plant  work,  these  conveyors  are  in  many  cases 
being  operated  without  any  attempt  at  lubrication.  Compress'on 
grease  cups  are  used  almost  exclusively  on  conveyors  in  this  industry. 
The  heavy  grease  is  a  good  lubricant,  with  the  slow  speeds,  and  is 
also  not  so  liable  to  wash  dust  particles  into  and  along  the  journal. 
Its  movement  is  a  slow  one  away  from  the  cup  and  toward  the  open 
end  or  ends,  where  it  forms  a  ring  that  very  effectively  prevents  the 
dirt  from  entering. 

Mr.  C.  Kemble  Baldwin  It  is  to  be  regretted  that  the  discussion 
of  this  subject  has  been  contributed  only  by  men  interested  in  the 
manufacture  of  conveying  machinery.  When  the  paper  was  published 
the  writer  sent  copies  to  a  dozen  large  users  of  belt  conveyors  asking 
for  comments  and  such  power  and  cost  data  as  would  be  of  general 
interest.  While  many  of  these  users  have  data  which  would  form  the 
most  valuable  part  of  a  discussion  on  the  conveying  of  materials,  giving 
the  results  of  actual  experience  unbiased  by  commercial  considerations 
it  is  extremely  difficult  to  persuade  a  works  manager  to  put  his  notes 
into  shape  for  publication. 

2  Mr.  Willcox  discusses  the  use  of  belt  conveyors  in  salt  manufac- 
turing plants.  He  states  that  while  satisfactoiy  for  handling  salt 
from  warehouse  to  vessels  in  large  quantities,  they  are  not  satis- 
factory for  handling  small  quantities  from  grainers  to  storage  build- 
ing because  of  the  difficulty  of  cleaning  the  return  belts. 

3  The  writer  cannot  agree  with  this,  because  he  has  designed  and 
built  within  the  last  six  years  several  very  successful  plants  for  hand- 
ling salt  direct  from  the  open  pans  and  vacuum  pans.  The  salt  from 
the  open  pans  contains  about  50  per  cent  hot  water,  and  the  main 
claim  for  the  belt  conveyor  is,  that  the  salt  comes  in  contact  only  with 
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the  rubber  belt,  which  will  not  discolor  it.  There  is  no  dilBSculty  in 
cleaning  the  return  belts  by  rotary  brushes.  After  a  careful  investi- 
gation one  of  the  largest  salt  companies  in  the  country  recently 
made  two  extensive  installations  of  belt  conveyors  for  handling  grainer 
and  vacuum  salt.  While  the  reciprocating  conveyor  described  by 
Mr.  Willcox  works  satisfactorily,  it  will  be  noticed  that  the  metal 
scrapers  work  in  the  salt,  and  must  in  time  drop  pieces  of  rust.  It  is 
for  this  reason,  that  belt  conveyors  and  not  reciprocating  conveyors 
were  adopted  by  the  company  previously  mentioned. 

4  In  service  of  this  land  we  find  it  best  to  paint  all  metal  parts 
of  the  conveyor  with  white  lead  or  Atcheson  graphite,  including  the 
finished  surfaces.    Rubber  belts  are  used  throughout. 

5  In  the  first  four  paragraphs  of  his  discussion,  Mr.  Piez  makes 
the  following  statements: 

a  That  the  purpose  of  the  original  troughing  idlers  used 
with  the  Robins  conveying  belt  was  to  force  the  belt  to 
assume  the  shape  of  a  deep  continuous  trough. 

5  That  to  secure  flexibility  in  the  belt,  strength  was  sacrificed. 

c  That  owing  to  increased  loads  per  unit  area  of  belt  due  to 
the  deep  trough,  it  was  necessary  to  increase  the  initial 
tension  largely. 

6  From  the  above  he  draws  the  conclusion  that,  the  belt  being 
"defective  in  structure,"  the  increased  "unit  strains''  brought  about 
a  destruction  of  the  bond  between  the  fabric  and  the  rubber  coating, 
which  was  assisted  by  the  lateral  bending  due  to  troughing.  The 
remedy  he  states  was  reducing  the  depth  of  trough,  thus  decreasing 
the  load  per  foot  of  belt  and  the  unit  stress  in  the  belt. 

7  The  Robins  Patent  Belt  was  made  with  a  flexible  middle,  part 
of  the  plies  being  stopped  off  at  a  varying  distance  from  the  edges. 
This  formed  a  belt  that  would  trough  of  its  own  weight  and  had  stiff 
edges  which  not  only  supported  the  trough  between  idlers,  but  gave 
the  desired  tensile  strength.  Being  flexible,  it  was  not  necessary  to 
"force''  it  to  assume  a  deep  trough,  and  having  extra  plies  of  duck  at 
the  edges  its  strength  was  not  impaired  in  any  way.  That  the  belt  is 
not  inherently  defective  in  design  is  shown  by  the  fact  that  belts  of 
this  type  are  still  running  after  ten  years  of  continuous  service. 

8  In  Par.  3  Mr.  Piez  states  that  the  difference  in  "  load  per  unit 
2^a"  between  a  shallow  and  a  deep  trough  causes  such  increased 
tension  in  the  belt  that  it  is  destroyed  thereby.     In  Par.  11  he 
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also  states  that  "  the  no-load  readings  are  frequently  from  90  to  95 
per  cent  of  the  full-load  readings/* 

9  These  statements  are  difficult  to  reconcile,  because  if  there  is 
only  5  to  10  per  cent  difference  between  no-load  and  full-load,  there 
can  hardly  be  a  heavy  increase  in  the  tractive  force  necessary  to 
drive  the  belt  on  account  of  the  slightly  greater  load  of  a  deep  trough, 
over  that  of  a  shallow  trough. 

10  In  Par.  5  to  9  inclusive  Mr.  Piez  states: 

a  That  the  trough  of  the  idler  was  reduced  because  the  lateral 

bending  destroyed  the  belts. 
b  That  the  idlers  illustrated  in  Fig.  6  and  Fig.  7  of  the  writer's 

paper  are  "  shallow-troughed." 
c  That  the  tendency  is  toward  the  use  of  an  idler  that  is  flat 

the  greater  part  of  its  length,  the  end  diameter  being  H 

in.  larger  than  the  center  diameter. 

11  The  first  troughing  idlers  built  by  Mr.  Robins  some  13  years 
ago  were  of  the  three-pulley  type  illustrated  in  Fig.  6.  The  inclined 
pulleys  were  about  40  deg.  from  the  horizontal.  The  angle  was 
soon  changed  to  25  deg.  and  30  deg.,  depending  on  the  width  of  the 
belt  and  the  duty.  Mr.  Piez  calls  them  "  shallow  belt  conveyors"  and 
evidently  agrees  with  the  writer  that  they  are  correct.  The  reduc- 
tion of  the  angle  was  not  due  to  belt  troubles,  but  to  the  fact  that  it 
was  soon  discovered  that  there  were  practical  limits  to  the  depth  of 
load  that  could  be  put  upon  a  belt,  as  has  been  explained  by  the 
writer  under  Speed  and  Size  of  Belts. 

12  As  the  deepest  practicable  load  could  be  obtained  by  less 
trough,  an  angle  was  chosen  that  would  give:  a,  a  reasonable  capacity 
for  the  width  of  the  belt;  6,  sufficient  trough  to  support  the  belt 
between  idlers,  so  that  the  minimum  number  of  idlers  would  be 
required;  c,  enough  trough  to  center  the  load  properly,  thus  insuring 
a  straight  running  belt.  The  angles  chosen,  namely  25  deg.  and  30 
deg.,  have  proved  so  satisfactory  that  they  have  been  adopted  by 
most  manufacturers. 

13  The  writer  was  not  aware  that  there  is  a  tendency  to  revert  to 
the  old  type  of  flat  belt — as  practically  all  of  the  belt  conveyors  being 
installed  today  use  idlers  with  pulleys  inclined  at  25  deg.  or  30  deg. 
A  belt  supported  on  the  idler  described  by  Mr.  Piez  (lower  cut  Fig.  9 
of  Mr.  Peck's  paper),  which  is  flat  the  greater  part  of  its  length,  the 
edges  being  turned  up  f  in.,  has  all  the  disadvantage  of  a  perfectly  flat 
belt,  as  a  trough  of  J  in.  would  not  materially  increase  its  capacity  over 
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that  of  a  flat  belt.  It  would  not  in  any  way  aid  in  supporting  the 
load  between  idlers,  thus  requiring  more  idlers,  and  would  have  no 
influence  on  centering  the  load.  Its  place,  therefore,  is  in  the  class  of 
flat  belt-conveyors  which  are  practically  of  the  past. 

14  In  Par.  10,  11  and  12,  Mr.  Piez  states: 

a  That  there  is  a  slip  between  belt  and  idler  pulleys  of  the 
type  in  Fig.  6  and  Fig.  7,  due  to  the  retarding  action  of 
grease  and  hub  friction. 

b  That  the  no-load  readings  are  frequently  90  to  95  per  cent 
of  the  full-load  readings. 

15  The  writer,  in  Par.  15,  calls  attention  to  the  fact  that  grease 
lubrication  increases  the  power  consumed,  but  gives  good  reasons 
why  oil  should  not  be  used. 

16  The  claim  that  the  idler  pulleys  quickly  become  polished  on 
the  surface,  due  to  the  slip  of  the  belt,  is  not  the  case  on  the  conveyors 
designed  and  built  by  the  writer.  It  should  be  kept  in  mind  that  the 
average  belt  speed  is  from  200  to  400  ft.  per  minute.  Therefore  the 
pulley  speed  is  so  slow  that  the  weight  of  the  belt  alone  will  turn  the 
puUejrs  without  diflSculty.  If  there  is  any  slip  it  is  not  apparent 
either  in  the  polishing  of  the  pulleys  or  in  damage  to  either  belt  or  idlers. 

17  It  is  surprising  what  a  small  difference  there  is  between  the 
no-load  and  the  full-load  readings  on  the  belt  conveyors  cited  by 
Mr.  Piez.  It  can  be  explained  only  by  a  lack  of  proper  attention  to 
the  design  and  workmanship  of  the  bearings  of  the  idlers  and  the 
proportioning  of  the  other  parts  of  the  conveyor  and  its  speed  to  the 
work  to  be  done — as  the  writer  finds  from  the  results  of  himdreds  of 
carefully  tabulated  tests,  that  the  no-load  readings  vary  from  35  to 
75  per  cent  of  the  full-load  readings,  depending  on  the  length  and  speed 
of  the  belt  and  the  amount  of  material  handled. 

18  The  power  required  to  operate  a  conveyor  may  be  divided  into 
that  consumed  by  the  driving  mechanism  and  that  consumed  in 
turning  over  the  idler  pulleys.  The  power  required  by  the  former 
per  foot  of  conveyor  does  not  of  course  increase  proportionately 
with  the  length,  while  the  power  necessary  for  turning  the  idler 
pulleys  varies  directly  with  the  length  and  load  of  the  conveyor.  We 
find  in  consequence,  for  short  conveyors  where  the  greater  part  of 
the  power  is  consumed  by  the  drive,  that  the  difference  between  no- 
load  and  full-load  readings  is  frequently  small;  whereas  for  long  con- 
veyors, in  which  the  power  required  by  the  driving  mechanism  is  a 
less  important  factor,  the  difference  may  amount  to  50  per  cent  or  more. 
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19  In  Par.  62  are  given  certain  percentages  to  be  added  to  the  com- 
puted horsepowers  required  by  short  conveyors,  on  account  of  the 
predominance  of  the  power  consumed  by  the  driving  mechanism. 

20  Concerning  the  question  of  conveyor  drives,  Mr.  Piez  says,  in 
Par.  13  to  Par.  21,  inclusive: 

a  That  the  writer  places  too  little  value  on  the  use  of  pulleys 

of  proper  diameter. 
6  That  each  pulley  around  which  the  belt  passes  under  fuU 

load  should  have  a  diameter  of  not  less  than  8  in.  for  each 

ply  of  canvas, 
c  That  the  drive  shown  in  Fig.  10  of  the  writer's  paper  would 

be  a  destructive  one  to  the  belt. 
d  That  the  drive  of  a  belt  conveyor  should  be  located  only  at 

the  head  or  discharge  end. 
e  That  the  multiple  pulley  drives  described  by  the  writer  are 

expedient  and  not  based  on  sound  practice. 

21  In  Par.  40  the  writer  cautions  against  the  use  of  pulleys  of 
small  diameters.  Table  1  gives  "  minimum"  size  of  driving  pulleys 
and  was  so  given  under  the  head  of  drives  as  a  guide  to  engineers  who 
are  designing  plants,  to  enable  them  to  determine  clearances. 

22  The  writer  has  found  it  impossible  to  give  a  hard-and-fast  rule 
for  the  diameters  of  driving  pulleys.  As  Tables  1  and  3  show,  it 
has  been  found  in  actual  practice  that  the  minimum  diameter  should 
be  from  4  to  5  in.  per  ply  of  canvas,  depending  entirely  on  the  stress  in 
the  belt  and  on  local  design  conditions.  Mr.  Piez  disregards  the  fact 
that  Table  1  ^ves  "minimum  sizes  of  driving  pulleys."  Larger 
pulleys  are  naturally  used  when  possible. 

23  No  part  of  the  conveyor  design  has  been  given  more  attention 
than  the  drives  and  a  careful  tabulation  of  hundreds  of  installations 
shows  that  the  belts  do  not  fail  through  separation  of  the  plies  due  to 
pulleys  of  these  sizes. 

24  Mr.  Piez's  theory  that  the  pulleys  should  have  a  diameter  of 
8  in.  for  each  ply  makes  them  unnecessarily  large,  causes  very  unsatis- 
factory chutes  and,  as  pointed  out  in  Par.  39,  complicates  the  reduc- 
tion from  motor  or  engine. 

25  Referring  to  the  drive  shown  in  Fig.  10,  which  Mr.  Piez  claims 
would  destroy  the  belt,  attention  is  called  to  the  fact  that  while  the 
driving  pulley  transmits  motion  to  the  belt,  the  one  at  the  head  merely 
acts  as  a  bend  pulley.  The  head  pulley  in  such  a  drive  may  be  smaller 
than  the  drive  pulley. 
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26  The  drive  shown  in  this  photograph  has  a  48  in.  driving  pulley, 
a  30-in.  head  pulley,  with  a  9-ply  36-in  belt.  The  best  proof  that  this 
drive  is  no^  a  destructive  one  is  the  record  of  this  conveyor,  which  has 
been  in  operation  over  three  years  and  has  handled  over  1,500,000  tons 
of  mine-run  coal.  The  original  belt  is  still  in  use,  and  to  use  the  words 
of  the  manager  of  this  plant,  "  It  looks  good  for  another  million  and  a 
half  tons." 

27  Mr.  Piez,  whose  business  has  been  mainly  the  manufacture  of 
chain  conveyors,  would  locate  the  drive  of  the  belt  conveyor  only  at 
the  head  end,  as  would  be  the  case  with  a  chain  conveyor.  The 
writer  has  for  the  past  five  years  been  using  the  multiple-pulley  drive 
located  an5rwhere  in  the  length  of  the  conveyor,  and  the  results  have 
been  most  satisfactory.  Although  hundreds  of  them  are  in  use,  there 
has  not  been  a  single  case  where  the  belt  separated  in  the  plies,  due 
to  the  action  of  the  drive.  In  this  connection,  accompanying  tables 
will  be  of  interest,  both  as  to  the  location  and  the  style  of  drives  in 
three  conveying  plants  designed  by  the  writer. 

28  Plant'-A  handles  mine-run  coal  on  the  36-in.  conveyors,  capac- 
ity 500  to  700  tons  per  hour.  30-in.  conveyors  handle  fine  coal  300 
tons  per  hour.  The  conveyors  have  been  in  operation  over  three 
years  and  have  handled  over  1,500,000  tons.  The  original  belts  are 
still  in  use.  Fig.  10  is  a  photograph  of  drive  of  Conveyor  No.  2. 
Since  these  conveyors  were  started  three  years  ago,  every  chain  con- 
veyor in  the  plant,  except  one,  has  been  replaced  by  a  belt  conveyor. 

29  Plant  B  handles  mine-run  and  fine  coal,  capacity  500  to  700 
tons  per  hour.  Conveyors  have  been  operated  about  three  years 
and  have  handled  about  1  000  000  tons. 

30  Plant  C  has  just  been  started.  After  making  careful  inspec- 
tions of  Plants  A  and  B  and  investigating  all  other  methods  of  hand- 
ling coal,  the  owners  contracted  for  this  plant. 

TABLE  I  LOCATION  AND  STYLE  OF  DRIVES.  PLANT  A 


No. 

Width 

Length 

Inclination 

Location  of  Drive 

Type  of  Drive 

Inches 

Feet 

Degrees 

1 

36 

600 

Head  End 

Multiple  Pulley 

36 

300 

m              •• 

like  Fig.  10 

36 

600 

Level,  and  20 

Center 

Multiple  Pulley* 

36 

60 

20 

Tail  End 

Single       -        t 

36 

600 

a             M 

MulUple  Pulley 

30 

200 

20 

Center 

M                       « 

30 

400 

20.  then  Level 

j       Head  End 

Single       " 

30 

100 

1       Tail       • 

M               m 

•lifts  Material  90  ft. 

t  Drfreo  from  head  of  No.  8. 
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TABLE  2     LOCATION  AND  STYLE  OF  DRIVES.  PLANT  B 


No. 


Width 
Inches 


Length 
Feet 


Degrees 


Tyi)e  of  Drive 


1 
2 
3 
4 
6 
6 

7 
8 
9 
10 
11 
12 


36 
36 
36 
36 
36 
36 

36 
36 
40 
36 
28 
36 


300 
775 
411 
473 
673 
661 

82 
196 
100 
300 
177 
120 


20.  and  Level 
20,  and  Level 


20 
20 


20 
20 
20 


Head  End 

MulUple 

Head    " 

•• 

Head    - 

" 

Center 

" 

Head  End 

M 

Near  One  End 

Reversible 

" 

Head  End 

Single 

Tail       " 

MulUple 

Head    " 

Single 

Tail       - 

Multiple 

Head    " 

Single 

Center 

MulUple 

TABLE  3     LOCATION  AND  STYLE  OF  DRIVES.  PLANT  C 

No. 

Width 

Length 

Inclination         LocaUon  of  Drive 

Type  of  Drive 

Inches 

Feet 

Degrees          | 

1 

36 

76 

Head  End 

Single  Puller 

2 

36 

315 

20 

Center 

MulUple   * 

3 

36 

30 

20 

Tail  End 

Single       «  ♦  . 

4 

30 

32 

Center 

-t 

5 

30 

60 

Head  End 

a 

6 

30 

60 

Head    " 

• 

7 

30 

400 

20 

Center 

Multiple  - 

8 

30 

400 

20 

i 

9 

36 

640 

20.  and  Level 

1 

10 

36 

55 

20 

Head  End          |    Single       " 

11 

36 

55 

20 

Tail       - 

•          • 

12 

36 

480 

Center 

Multiple   "t 

13 

36 

180 

20.  and  Level 

Tail  End 

" 

*  Driven  from  Head  of  No.  2* 
t  Reversible  Conveyor. 

31  The  writer  believes  that  the  foregoing  is  the  best  proof  that 
the  drive  may  be  located  at  any  point  in  the  length  of  the  conveyor, 
and  that  the  multiple  pulley  drive,  far  from  being  an  expedient,  is 
based  on  sound  practice  and  good  engineering. 

32  In  Par.  22  to  Par.  25  Mr.  Piez  discusses  the  writer's  power 
formula  and  gives  two  examples.  The  results  obtained  from  the 
power  data  presented  by  the  writer  apply  to  the  belt  conveyors 
manufactured  by  the  Robins  New  Conveyor  Company  and  the  claim  is 
not  made  that  these  figures  will  hold  good  on  conveyors  of  different 
design. 

33  In  Par.  22  the  writer  laid  stress  on  two  fundamental  points  of 
economical  conveyor  design: 
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a  The  belt  should  run  no  faster  than  is  necessary  to  carry  the 
desired  load.    The  speed  may  be  determined  from  Table  2. 

b  The  power  required  should  always  be  figured  for  the  maxi- 
mum capacity  at  the  chosen  speed. 

34  If  these  points  are  followed  there  will  be  a  fixed  relation 
between  load  and  speed:  therefore  T  in  the  writer's  formula  (load  in 
tons  per  hour)  is  a  function  of  both  load  and  speed.  While  C  is  a 
constant  for  each  width  of  conveyor,  T  is  a  variable  depending  on  the 
desired  load,  so  that  if  these  were  combined  as  suggested  by  Mr.  Piez 
a  large  range  of  values  for  T  would  have  to  be  used,  resulting  in  a 
cumbersome  table  of  doubtful  value. 

35  Mr.  Peck's  table  of  horse  power,  to  which  Mr.  Piez  refers, 
and  the  examples  given  by  him  in  Par.  23,  all  indicate  that  they  have 
left  out  of  consideration  the  relation  between  speed  and  load. 

36  Take  example  A,  30-in.  conveyor  handling  coal,  253  ft.  centers, 
capacity  215  tons  per  hour,  speed  600  ft.  per  minute.  Assuming  coal 
to  weigh  50  lb.  per  cubic  foot,  we  find  on  referring  to  Table  2  that  a 
30-in.  conveyor  at  100  ft.  will  carry  145  tons  of  material  weighing  100 
lb.  per  cubic  foot  or  72^  tons  of  coal;  to  carry  215  tons  therefore  the 
speed  should  be  about  300  ft.  per  minute  instead  of  600  ft.  Naturally 
the  lower  speed  will  require  less  power  and  produce  less  wear  and  tear 
on  machinery  and  belt.  According  to  the  writer's  Formula  9, 18h.p. 
will  be  required,  but  this  is  based  on  a  belt-speed  of  300  ft.  per  minute, 
and  not  600  ft.,  which  is  bad  practice. 

37  Take  his  example  B,  a  30-in  conveyor,  386  ft.  center  to  center, 
speed  348  ft.  per  minute,  carr3ang  60  tons  of  coke  per  hour.  When 
handling  such  friable  material  as  coke,  the  belt  speed  should  be  as  low 
as  possible  to  avoid  breakage.  The  speed  also  should  be  no  greater 
than  is  necessary  to  carry  the  load. 

38  Taking  coke  at  25  lb.  per  cubic  foot,  60  tons  per  hour,  the  capa- 
city desbed  is  about  4800  cu.  ft.  From  Table  2  we  find  that  a  30-in. 
conveyor  has  a  capacity  of  2900  cu.  ft.  at  100  ft.  per  minute,  there- 
fore the  proper  speed  is  about  165  ft.  per  minute  instead  of  348  ft. 
According  to  the  writer's  formula,  this  gives  4.25  h.p.,  10  per  cent 
being  added  for  gears,  and  this  would  drive  the  conveyor  as  built  by  the 
writer.  The  excessive  powers  shown  by  Mr.  Piez's  tests  are  due  in 
part  to  the  excessive  speed. 

39  Mr.  Messiter  presents  in  Par.  10  of  his  discussion  a  formula  in 
which  a  load  factor  is  multiplied  by  the  load  in  tons  per  hour  and  a 
speed  factor  by  the  speed  in  feet  per  minute.  With  this  formula  it  is 
possible  to  compute  the  power  required  using  a  high  speed  and  small 
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load.  Should  such  a  conveyor  at  any  time  receive  the  full  load  at 
the  high  speed  it  would  result  in  failure  of  belt  or  drive.  In  the 
writer's  formula,  in  which  the  speed  and  load  factors  are  combined, 
and  where  T  is  a  function  of  both  load  and  speed,  this  possible  error 
is  avoided. 

40  Mr.  Bennett,  in  Par.  5  of  his  discussion,  takes  exceptions  to  the 
writer's  statement  regarding  the  waterproof  qualities  of  rubber  belts. 
The  rubber  friction  is  applied  to  the  duck  in  a  plastic  state.  As  its 
consistency  is  that  of  putty,  it  can  do  no  more  than  coat  the  duck 
without  reaching  its  inner  fibers.  Therefore  when  affected  by  a  large 
quantity  of  water  the  belts  are  destroyed,  as  described  by  the  writer 
in  Par.  27.  On  the  gold  dredges  the  service  is  extremely  severe  and 
the  belts  must  be  built  to  stand  excessive  abrasion  due  to  large  quanti- 
ties of  wet  rock.  Therefore  it  is  a  duty  which  requires  not  only 
waterproof  qualities,  but  also  abrasion-resisting  properties.  The 
uncovered  Balata  Belt  mentioned  by  Mr.  Bennett  should  never  have 
been  used  in  this  place  as  it  was  not  provided  with  any  cover  to  stand 
the  wear.     It  should  have  had  a  heavy  rubber  cover. 

41  Mr.  Bennett  states  in  Par.  9  that  the  heat  of  vulcanization  does 
not  aflfect  the  cotton  duck  of  rubber  belts.  Actual  tests,  however, 
show  that  there  is  a  loss  of  from  10  to  15  per  cent  in  tensile  strength 
due  to  the  heat  of  vulcanization. 

42  Mr.  Messiter,  in  Par.  2  of  his  discussion,  takes  exceptions  to 
the  writer's  formula  for  tension  in  the  belt.  As  he  states,  the  for- 
mula gives  only  the  driving  tension  and  neglects  the  initial  tension, 
due  to  the  take-ups.  The  substitution  he  proposes,  while  correct,  is 
too  cumbersome,  and  that  given  by  the  writer  gives  values  that  seem 
close  enough  for  practical  purposes. 

43  In  this  connection,  the  writer  would  call  attention  to  his 
reason  for  presenting  his  paper,  stated  in  Par.  74,  "  To  give  the  engi- 
neers who  were  designing  plants  some  data  which  will  be  of  service 
in  the  preparation  of  preliminary  designs."  This  purpose  made 
it  seem  advisable  to  simplify  and  make  as  practical  as  possible  all 
of  the  data  presented,  and  to  omit  all  unnecessary  detail. 

44  As  this  discussion  has  brought  out  some  differences  of  opinion 
regarding  principles  and  methods  employed,  it  might  be  considered 
pertinent  to  add  a  word  relative  to  the  connection  of  the  writer  with 
the  development  of  the  belt  conveyor  industry,  that  members  of  the 
Society  may  better  judge  of  the  value  of  the  data  presented. 

45  In  the  early  days  of  Mr.  Robins'  activity  he  had  associated  with 
him  James  Barnes  Humphrey,  a  young  engineer  of  exceptional  bril- 
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liancy,  who  personally  designed,  with  no  precedent  to  guide  him,  not 
only  the  various  parts  of  the  belt  conveyor  (many  of  which  remain 
unchanged  today),  but  also  several  large  and  difficult  conveyor  plants. 
These  installations,  although  unique  and  daring  in  design,  were  so 
successful  that  the  future  of  the  belt  conveyor  as  an  industrial  factor 
was  immediately  assured. 

46  By  his  withdrawal  from  the  work  in  1900,  followed  shortly 
thereafter  by  his  death,  the  industry  can  be  said  to  have  suffered  the 
loss  of  a  real  genius.  The  writer,  who  was  associated  with  Mr.  Hum- 
phrey, and  who  carried  on  his  pioneer  work,  desires  that  full  credit  be 
given  the  mind  that  rendered  such  invaluable  services  in  the  evolution 
of  the  belt  conveyor. 

47  The  data  presented  represent  the  results  of  the  writer's  obser- 
vation of  thousands  of  conveyors,  as  Chief  Engineer  of  a  covipany 
manufacturing  practically  only  belt  conveyors,  and  all  statistics  and 
figures  have  been  proved  by  actual  practice. 
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THE  THERMAL  PROPERTIES  OF  SUPERHEATED 

STEAM 

Bt  Peof.  R.  C.  H.  Heck,  South  Bethlehem,  Pa. 
Member  of  the  Society 

The  purpose  of  this  paper  is  to  compare,  discuss  and  combine  the 
b^  available  data  in  regard  to  the  specific  heat  of  superheated  steam, 
to  determine  as  nearly  as  may  be  the  true  value  and  manner  of  varia- 
tion of  that  quantity,  and  to  derive  a  numerical  table  which  shall  be 
as  reliable  and  convenient  for  general  use  as  is  the  ordinary  table  of 
the  properties  of  saturated  steam. 

2  The  discussion  will  be  based  almost  altogether  upon  the  experi- 
mental researches  of  Knoblauch  and  Jakob  and  of  Thomas.  The 
former  were  published  in  the  ZeUschrifi  des  Vereins  deutscher  Ingen- 
ieure,  in  January  1907,  at  pp.  81  and  124;  the  experiments  were 
made  in  the  laboratory  of  technical  physics  at  the  Royal  Technical 
High  School,  Munich,  in  the  latter  part  of  the  year  1905;  and  the 
results  were  brought  before  this  Society  by  Professor  Greene  at  the 
Indianapolis  meeting,  in  1907,  published  in  Transactions,  Vol.  29. 
The  paper  of  Professor  Thomas,  setting  forth  experiments  made  at 
Sibley  College,  Cornell  University,  was  presented  to  the  Society  at  the 
Annual  meeting,  1907,  and  is  published  in  Transactions,  Vol.  29. 

3  In  each  paper  is  given  a  set  of  curves  for  the  specific  heat  at 
constant  pressure,  Cp,  the  individual  curve  showing  how  c^  varies 
with  the  temperature  during  the  operation  of  superheating  at  some 
particular  pressure.  To  superimpose  the  two  groups  of  curves  on  one 
plane  would  be  very  confusing;  they  can  be  much  more  effectively 
compared  by  means  of  the  "solid"  or  three  dimensioned  diagram 
drawn  in  Fig.  1. 

4  As  indicated,  one  abscissa  of  the  base  plane  is  the  temperature  t 
in  degrees  fahrenheit,  parallel  to  the  axis  0  T,  the  other  is  the  absolute 
pressure  p  in  pounds  per  square  inch,  parallel  to  OP,  while  c^  is  the 
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vertical  ordinate.  The  primary  curves,  each  on  its  own  TC  plane, 
are  redrawn  directly  from  Fig.  6  of  Thomas'  paper  and  from  Fig.  11 
of  Knoblauch  and  Jakob.     The  latter  iBgure  is  reproduced  as  Fig.  1  in 
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Fig.  1.    Ck)MPARi80N  op  Curves  op  Specific  Heat 

Greene's  paper.  The  law  of  variation  of  Cp  with  temperature  and 
pressure,  as  determined  by  each  experimenter,  is  now  represented  by  a 
curved  surface;  and  by  drawing  cross  curves  we  have  an  easy  means 
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of  interpolating  so  as  to  get  T  C  curves  in  both  systems  at  the  same 
pressures  (see  Fig.  4),  or  can  use  the  cross  curves  directly  for  compari- 
son. 

5  The  line  joining  the  high  initial  points  of  the  TC  curves,  at 
the  left,  is  the  line  of  saturation  or  of  zero  superheat;  it  lies  on  a  verti- 
cal curved  surface  which  cuts  the  base  plane  in  the  curve  AA,  the 
latter  being  the  fundamental  curve  of  relation  between  the  tempera- 
ture and  the  pressure  of  saturated  steam.  Along  the  saturation  lines 
the  letters  K  and  T  designate  the  respective  results  of  Knoblauch  and 
Jakob  and  of  Thomas,  and  these  letters  will  be  used  as  abbreviations 
hereafter.  The  numbers  on  the  T  curves  show  pressures  in  pounds, 
while  those  on  the  K  curves  show  kilograms  per  square  centimeter, 
the  relation  being,  1  kg.  per  square  centimeter  =  14.22  lb.  per  square 
inch.  The  T  curves  are  all  in  full  line,  except  the  dotted  extensions 
beyond  the  limit  of  actual  determination  at  270  deg.  of  superheat. 
In  general,  the  K  curves  are  dotted,  except  the  four  which  show 
actual  experiment,  namely,  those  for  2,  4,  6  and  8  kg.  These  curves 
are  stopped  at  400  deg.  cent.,  or  at  752  deg.  fahr.,  although  the  deter- 
minations really  extended  only  to  about  700  deg.  fahr.,  as  is  made 
clear  on  Fig.  4. 

6  The  cross  curves  are  drawn  for  constant  superheat.  On  the 
base  plane  P  T  a  number  of  curves  are  put  in  at  a  constant  distance, 
in  the  temperature  direction,  from  the  original  pressure-temperature 
curve  AA — or,  in  effect,  this  curve  is  shifted  various  distances  to 
the  right.  From  the  intersections  with  the  base  lines  of  the  T  C  curves, 
vertical  lines  are  drawn  to  the  curves  themselves;  or,  more  simply, 
measurements  of  30  deg.,  60  deg.,  100  deg.,  etc.,  are  made  directly 
from  the  lefthand  limiting  ordinates  to  locate  points  on  the  curves. 
Through  these  points  the  cross  curves  are  traced,  and  marked  with 
the  degree  of  superheat;  and  further,  short  verticals  are  extended  from 
every  intersection  point  on  the  T  surface  to  the  corresponding  cross 
curve  on  the  K  surface,  in  order  to  show  how  far  apart  the  two  sur- 
faces are,  or  to  get  points  on  a  primary  K  curve  at  the  same  pressure 
as  each  T  curve. 

7  Examining  Fig.  1,  and  bearing  in  mind  the  fact  that  the  K  curves 
beyond  8  kg.  are  got  by  extrapolation,  we  note  that  from  50  or  60 
deg.  of  superheat  out  to  the  limit  of  the  experiments  the  two  sets  of 
results  agree  very  well;  but  that  there  is  a  marked  difference  near 
saturation  and  the  beginning  of  a  wide  divergence  toward  the  region 
of  higher  superheat.  We  shall  now  take  up  the  two  questions  sug- 
gested by  these  discrepancies. 
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SPECIFIC   HEAT    AT   AND    NEAR   SATURATION 

8  Near  to  the  boundary  line  which  separates  the  superheated 
from  the  saturated  state,  it  appears  that  there  are  some  residual 
molecular  attractions  to  be  overcome,  and  for  this  reason  the  specific 
heat  is  higher  at  and  near  this  lower  limit  of  superheat  than  it  is 
farther  out.  A  number  of  considerations  affecting  the  conditions 
just  at  this  limit  are  set  forth  graphically  on  Fig.  2,  where  the  base 
line  is  temperature  fahrenheit.    The  four  curves  marked  T,  K,  H^ 


100  200     t      335     op    IfSQ  895  mSS  W 

Fig.  2    Conditions  at  the  Saturation  Limits 

and  H2  show  the  specific  heat  Cp  of  saturated  steam  along  the  satura- 
tion line,  under  various  conditions  or  assumptions;  the  curves  R  and  D 
give  the  specific  heat  of  water,  which  rises  well  above  unity  with 
increasing  temperature;  the  curve  designated  by  the  letter  P  show? 
the  relation  between  pressure  and  temperature  for  saturated  steam. 
The  lower  part  of  the  last  curve,  marked  Pj^  and  extending  to  the 
cross-line  at  about  300  lb.  pressure,  gives  Regnault's  determination; 
the  upper  part  P^  is  from  the  experiments  of  Cailletet  andColardeau, 
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published  in  Annales  de  Chemie  et  de  Physique,  sixth  series,  vol.  25, 
1892,  p.  527.  It  runs  up  to  the  critical  temperature  as  determined 
by  these  investigators,  which  is  at  689  deg.  fahr.  and  at  a  pressure  of 
2946  lb.  per  square  inch.  The  numbers  marked  along  this  curve  give 
the  scale  of  pressure. 

9  Of  the  two  curves  for  the  specific  heat  of  water,  the  one  marked 
ft  is  from  Regnault's  formula, 

c  =  1.0000  +  0.000  00222  (i  -  32)  =  0.000  000  2778  {i  -  32)», 

which  is  based  on  experiments  extending  to  about  425  deg.  fahr.  The 
curve  D  is  from  Dieterici's  experiments,  published  in  the  ZeUschrift 
dis  Vereins  deuischer  Ingenieure,  March  1905,  p.  362,  as  represented  by 
the  formula: 

c  =  0.9983  -  0.0000576  (t  -  32)  +  0.000000  64  (^  -  32)» 

Here  the  limit  of  actual  determination  was  300  deg.  cent,  or  572  deg. 
fahr.,  and  this  formula  is  to  be  accepted  for  the  higher  range  of 
temperature. 

10  The  reason  for  presenting  these  apparently  irrelevant  data 
^111  now  be  made  apparent.  The  specific  heat  curves  K  and  T,  for 
Cp  at  zero  superheat,  laid  out  with  ordinates  transferred  to  Fig.  4 
directly  from  Fig.  1,  and  with  the  range  of  experimental  determination 
shown  in  full  line  for  each  case,  represent  radically  different  ideas 
as  to  the  manner  of  variation  of  this  quantity.  Knoblauch  and  Jakob 
derive  a  formula  for  the  curve  which  passes  through  the  inner  ends 
of  their  four  C  T  curves,  putting  this  formula  into  such  a  shape  that 
it  makes  c^  equal  infinity  at  the  critical  temperature  of  365  deg.  cent, 
or  689  deg.  fahr.,  and  remarking  casually  that  the  mechanical  theory 
of  heat  calls  for  this  value  at  that  point.*  The  curve  taken  from 
Thomas'  presentation  conforms*  very  well  to  the  idea  that  since  hot 
water  and  superheated  steam  merge  into  a  common  state  at  or  above 
the  critical  temperature,  the  two  specific  heats,  coming  up  along  and 
just  outside  of  the  inner  and  outer  limits  of  the  condition  of  wet  or 
saturated  steam,  ought  to  run  into  the  same  value,  decidedly  a  finite 
number,  somewhere  near  the  critical  point.  That  the  latter  is,  in  a 
general  way,  the  correct  view  is  the  opinion  of  the  writer,  who  further 
believes  that  the  idea  of  infinite  Cj,  at  the  critical  temperature  is  based 
on  a  misconception. 

'Zeuner,  in  his  Technical  Thermodynamics,  at  the  end  of  art.  38,  p.  312  of 
vol.  2  of  the  recent  translation  by  Professor  Klein,  makes  the  same  casual  state- 
n»«Dt.    The  writer  does  not  know  who  first  developed  the  idea. 
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THE  CRITICAL  STATE  OF  WATER 

11  In  order  to  clear  up  the  difference  of  opinion  or  of  conception 
suggested  in  the  last  paragraph,  and  to  get  a  reasonable  indication  of 
the  trend  of  the  initial  c^  toward  the  higher  ranges  of  pressure,  we 
must  consider  more  fully  what  is  involved  in  the  term  "critical  state" 
or  "critical  point''  of  a  fluid.  In  one  definition,  it  is  a  limiting  tem- 
perature, above  which  the  substance  cannot  exist  in  the  liquid  state; 
according  to  another,  it  is  a  condition  where  the  two  states  of  liquid 
and  of  superheated  vapor  merge  into  each  other,  the  ordinary  opera- 
tion of  evaporation  into  saturated  vapor  disappearing.  Under  the 
latter  idea,  the  latent  heat  of  vaporization,  which  decreases  with  the 
temperature  of  steam  formation,  will  become  zero  at  the  critical 
point.  Not  to  cite  other  writers,  we  may  refer  to  the  paper  by  Mr. 
C.  V.  Kerr  on  "The  Potential  EflBciency  of  Prime  Movers,''  presented 
to  the  Society  in  1904,  and  published  in  the  Transactions,  vol.  25, 
p.  920.  It  is  there  stated  that  by  producing  the  two  limit  curves  on 
the  entropy-temperature  diagram  until  they  met,  the  point  where 
the  latent  heat  vanishes  was  found  to  be  at  a  height  of  975  deg.  fahr. 
This  method  is  only  the  roughest  kind  of  an  approximation;  but  when 
we  compare  the  result  with  the  value  689  deg.  quoted  above,  there 
appears  to  be  a  wide  discrepancy. 

12  The  experiments  of  Cailletet  and  Colardeau  consisted  in 
observing  the  simultaneous  pressure  and  temperature  of  a  small  mass 
of  water  in  a  closed  metal  tube.  They  found  that  the  single,  definite 
relation  between  p  and  t,  characteristic  of  all  ordinary  ranges,  ceases 
to  exist  at  365  deg.  cent.,  or  689  deg.  fahr.  We  shall  now  proceed  to 
show  that  this  "critical  point"  is  by  no  means  the  same  as  that  defined 
above. 

13  In  Fig.  3  is  drawn  the  usual  pressure-volume  diagram  for  one 
pound  of  water  substance,  but  with  a  very  small  scale  of  pressures  and 
a  very  large  scale  of  volumes:  A  B  is  the  line  of  water  volume,  or  the 
inner  limit  of  saturation,  between  water  and  wet  steam;  C  D  is  the 
dry  steam  curve  or  the  outer  limit  of  saturation,  separating  wet  steam 
from  superheated.  The  horizontal  line  B  C  is  drawn  at  the  pressure 
corresponding  to  689  deg.  fahr.,  or  at  2946  lb.  The  limit  curves  A  B 
and  D  C  are  laid  out  according  to  determinations  made  at  compara- 
tively low  pressures,  and  are  therefore  merely  tentative;  but  they 
decidedly  do  not  meet  at  the  height  B  C.  We  must  beUeve  rather  that 
BC,  ss  determined  by  coming  up  from  below,  is  one  limit  of  a  quite 
widely  extended  "  critical  state,"  of  which  the  upper  limit  is  at  some 
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point  like  E  which  is  located  by  the  convergence  of  curves  produced 
from  A  B  and  D  C. 

14  The  most  distinctive  characteristic  of  the  ordinary  mixture  of 
steam  and  water,  thermodynamically  considered,  is  foimd  in  the  fact 
that  the  operation  of  evaporation  at  constant  pressure  takes  place 
isothermally.  For  a  so-called  perfect  gas  the  isothermal  operation 
follows  the  law  pv  =  const.,  and  this  is  very  nearly  realized  with 
any  actual  dry  gas.    The  complete  isothermal  of  steam,  at  any  moder- 
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Fig.  3    The  Critical  State  op  Water 


ate  temperature,  consists  of  three  parts;  viewing  it  as  a  compression, 
we  have  a  curve  approximately  of  the  form  pv  =  Cm  the  superheated 
range,  a  horizontal  line  of  condensation  across  the  range  of  wet 
steam,  and  a  nearly  vertical  line  for  the  very  slight  compression  of 
water  by  increasing  pressure.  At  each  limit  line,  A  B  and  C  D  of 
Fig.  3,  there  is  an  abrupt  change  of  characteristic. 

15    Now  the  critical  point  as  found  by  Cailletet  and  Colardeau  is 
the  upper  limit  of  a  condition  which  exists  throughout  the  lower 
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ranges  of  temperature.  It  seems  reasonable  to  assume  that  it  is 
also  the  upper  limit  of  the  other  condition  just  described,  or  that  the 
complete  isothermal  numbered  1  in  Fig.  3  is  the  last  one  that  has  a 
horizontal  or  constant  pressure  portion.  Above  B  C  the  isothennals 
must  begin  to  slant  upward  in  crossing  the  space  between  the  limits 
marked  by  extending  D  C  and  A  B;  only  by  some  such  change  can 
they  gradually  approach  the  simple  continuous  curve  which  must 
exist  for  very  high  temperatures.  The  changes  at  the  Umits  B  E  and 
C  E  probably  become  less  abrupt,  or  less  strictly  localized,  as  the 
temperature  is  higher,  but  there  must  be  some  such  locus  of  these 
changes  as  is  here  traced  in  the  outline  B  EC. 

16  The  condition  c,,  =  oo  ,  which  means  that  heat  can  be  imparted 
to  a  substance  at  constant  pressure  without  raising  the  temperature, 
is  characteristic  of  the  steam  and  water  mixture  whose  mechanical 
condition  is  represented  by  any  point  within  the  enclosure  ABC  D. 
Above  B  C,  c,,  has  a  finite  but  gradually  decreasing  value,  since  a  change 
of  state  at  constant  pressure  across  the  area  B  EC  from  left  to  right 
involves  an  increase  in  temperature.  To  the  left  of  B  E  the  substance 
is  liquid,  or  is  in  a  state  of  close  conglomeration  which  is  analogous 
to  the  definite  liquid  condition  farther  down ;  and  along  B  E  the  sp)ecific 
heat  will  probably  continue  to  increase  somewhat  after  the  manner 
of  curve  D  on  Fig.  2.  The  last  (highest)  isothermal  that  just  touches 
the  region  C  E  B  will  be  tangent  somewhere  below  E,  and  it  seems 
reasonable  that  the  highest  value  of  the  specific  heat  just  along  the 
outside  ofCEB  should  be  at  about  this  highest  temperature. 

17  The  idea  that  Cj,  =  oo  at  the  critical  point  is  based  on  the 
assumption  that  the  isothermals  across  B  EC  are  horizontal  clear  up 
to  the  vanishing  point;  then  at  the  rounded  apex  E  we  should  have 
an  instantaneous  condition  of  constant  pressure  and  constant  tem- 
perature, which  would  satisfy  the  physical  meaning  of  the  mathemat- 
ical expression.  The  discussion  just  completed  shows  that  the  highest 
temperature  along  the  curve  BEC  is  probably  below £J,  toward C,  and 
that  in  any  case,  the  point  E  will  be  far  above  the  limit  of  the  true 
jiquid  state  at  B. 

CONCLUSIONS   AS   TO   INITIAL   SPECIFIC   HEAT 

18  Without  indulging  in  further  speculation  as  to  the  behavior 
of  water  above  the  limit  marked  by  the  line  BC  of  Fig.  3,  we  shall 
now  resume  consideration  of  the  results  of  Knoblauch  and  Jakob, 
and  take  up  the  question  whether  they  really  are  correctly  interpreted, 
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close  to  saturation,  by  the  curves  drawn  by  the  authors.  The  method 
of  these  experiments,  briefly  stated,  was  as  follows:  The  current  of 
steam  was  first  superheated  to  a  desired  degree  in  a  preliminary 
electrical  heater,  then  further  raised  in  temperature  by  a  measured 
supply  of  electrical  energy  in  a  second  heater  which  really  constituted 
the  determining  apparatus  of  the  experiment.  The  result  obtained 
was  the  mean  specific  heat  over  the  range  from  ti  at  entrance  to  ^ 
al  exit  of  the  final  heating  coil.  The  published  tabular  results  are 
replotted  on  Fig.  4,  where  each  circled  point  shows  a  value  of  the 
mean  specific  heat,  while  the  short  horizontal  line  marks  the  range 
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over  which  the  determination  extended.  The  four  original  curves, 
as  published,  are  drawn  in  full  line  and  marked  K;  with  them  are 
drawn  also  curves  from  Thomas*  results,  carefully  interpolated  on  Fig. 
1  for  the  pressures  2, 4,  6  and  8  kg.  and  marked  T.  The  lowest  deter- 
niination  by  Knoblauch  and  Jakob  began  at  from  12  to  18  deg. 
fahr.  above  saturation. 

19  Now  the  dotted  curves  in  Fig.  4,  drawn  by  the  writer,  show  how 
without  putting  the  least  strain  upon  the  actual  experimental  results, 
tbe  Knoblauch  and  Jakob  curves  of  Cp  can  be  made  to  take  a  form 
cloeely  similar  to  that  of  Thomas'  curves.  The  saturation  line  of 
Cpthus  obtained  is  laid  out  in  the  curve  marked  H^  on  Fig.  2,  where 
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it  easily  runs  into  the  extended  T  curve.  The  writer  believes  that 
this  is  the  correct  interpretation  of  the  results  of  Knoblauch  and 
Jakob;  and  with  this  interpretation  the  two  sets  of  experiments 
strongly  confirm  each  other. 

20  Finally,  takmg  what  seems  to  be  the  most  probable  mean 
between  the  curves  T  and  H^  over  the  range  of  experiment,  and 
further  considering  that  if  the  curves  of  c^  and  of  c^  (the  latter  the  D 
curve  for  water)  are  to  meet  somewhere  beyond  the  critical  ordinate 
C,  the  former  must  be  lower  at  this  ordinate  because  of  its  more  rapid 
upward  slant,  the  writer  has  laid  out  the  curve  H^  on  Fig.  2  as  repre- 
senting, in  his  judgment,  the  truest  location  that  can  be  made, 
from  present  data,  of  the  curve  of  c^  for  zero  superheat.  This  is 
used  as  the  starting  point  in  the  final  layout  of  c^  in  Fig.  6  and  7. 

THE   HIGHER  RANGE  OP  SUPERHEAT 

21  As  remarked  in  Pai'.  7,  the  two  sets  of  curves  show  the  beginning 
of  a  marked  divergence  toward  the  higher  ranges  of  superheat.  Most 
of  the  available  data  for  these  ranges  have  been  obtained  by  the 
explosion  method.  This  consists  in  enclosing  a  combustible  mix- 
ture of  gas  (hydrogen)  and  air  (or  oxygen)  in  a  vessel,  preferably  of 
spherical  form,  starting  ignition  at  the  center  of  the  vessel  so  that  a 
spherical  flame-cap,  propagated  at  a  uniform  rate,  will  reach  the  whole 
containing  surface  at  the  same  time,  and  measuring  the  resulting 
instantaneous  high  pressure  before  there  is  a  chance  for  the  heat  to  be 
dissipated  by  radiation.  This  leads  to  the  specific  heat  at  constant 
volume,  from  which  that  at  constant  pressure  can  be  derived  by  means 
of  the  fundamental  physical  relation  between  the  two,  Cp  —  c^  = 
const.  The  results  obtained,  all  expressed  as  rectilinear  or  first- 
degree  functions  of  the  temperature,  exhibit  rather  a  wide  divergence; 
but  Knoblauch  and  Jakob  show,  at  the  end  of  their  paper,  how  the 
assumption  that  both  the  mean  and  the  instantaneous  values  of  c^ 
increase  with  t  according  to  a  curve  relation,  or  at  an  increasing  rate 
lead  to  a  very  close  reconciliation  of  these  conflicting  indications. 
Further  the  curve  which  they  draw  agrees  very  well  with  the  one  set 
of  experiments  at  constant  pressure,  carried  out  to  quite  a  fairly 
high  temperature,  that  is  now  available. 

22  These  experiments  were  made  by  Holbom  and  Henning  at 
the  Physical  Technischen  Reichsanstalty  and  were  published  in  An- 
nalen  der  Physik^  vol.  18,  1905,  p.  739.  Steam  at  the  pressure  of  the 
atmosphere  was  electrically  superheated,  then  passed  into  a  small 


Digitized  by  VjOOQIC 


THE  THERMAL   PROPERTIES   OP  SUPERHEATED   STEAM 


287 


absorption  calorimeter  of  the  usual  type,  but  with  oil  instead  of 
water  as  the  heat  absorbent.  In  the  four  sets  of  experiments  the 
upper  temperature  was  270  deg.,  440  deg.,  620  deg.,  and  820  deg., 
cent.;  and  in  each  case  the  steam  was  cooled  to  about  110  deg., 
leaving  the  calorimeter  with  this  small  residuum  of  superheat.  The 
mean  specific  heat  over  the  range  of  cooUng  was  the  quantity  deter- 
mined, and  the  four  values  are  plotted  on  Fig.  5. 

23  The  first  experiment,  from  270  deg.  to  110  deg.  is  represented 
by  the  rectangle  CABD,  the  height  of  A  S  showing  what  the  specific 
heat  would  be  .if  it  were  constant  over  the  whole  range,  and  the 


Fig.  5    Specific  Heat  at  Atmospheric  Pressure 

middle  point  E  locating  the  mean  specific  heat  at  the  middle  of  the 
range.  The  three  other  middle  parts,  similar  to  Ej  are  marked  by 
short  cross  lines  on  the  ordinates  at  275  deg.,^365  deg.,  and  465  deg., 
Now  the  curve  of  mean  specific  heat  would  go  through  the  outer 
comers  of  a  series  of  rectangles  like  C  A  B  D,  or|through  the  B  points; 
with  rectilinear  variation,  the  line  of  true  specific  heat  would  go  through 
the  middle  points  Hke  E;  and  a  curve  of  true  specific  heat  should  be  of 
such  form  that  its  mean  height  over  any  given  range  such  as  CZ>,  or 
the  area  beneath  the  curve,  will  be  the  same  as  that  of  the  rectangle 
like  CABD,  On  Fig.  5  the  straight  dot  and  dash  line  H  shows  the 
Holbom-Henning  formula;  the  curve  running  with  this  line  has 
been  traced  by  the  writer  as  probably  a  truer  interpretation  of  the 
esults. 
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24  The  practical  application  of  this  last  discussion  is  made  evi> 
dent  when  we  draw  in  the  specific  heat  curves  of  Knoblauch  and 
Jakob  and  of  Thomas  for  the  same  (atmospheric)  pressure,  designat- 
ing them  by  K  and  T  as  heretofore.  It  appears  that  the  K  curve 
rises  much  too  rapidly,  while  the  T  curve  fails  to  show  the  incipient 
upward  tendency  which  it  ought  to  have. 

FINAL  DETERMINING   CURVES 

25  Using  this  combination  of  data  as  a  basis  of  judgment,  and 
bearing  in  mind  the  modification  of  the  K  curve  made  on  Fig.  4, 
the  writer  has  traced  in  the  dotted  curve  shown  on  Fig.  5  as  represent- 
ing his  conclusion  in  regard  to  the  most  probable  value  of  c^  at  atmos- 
pheric pressure.  Near  saturation  there  is  a  considerable  dififerencc 
between  the  T  curve  and  the  other  two,  although  the  disagreement  is 
exaggerated  by  the  large  vertical  scale  of  the  drawing.  The  difTerence 
exists  in  both  the  form  of  the  curves  and  their  absolute  height.  The 
H  curve  as  drawn  agrees  very  well  with  the  original  K  curve,  but 
there  is  no  reason  why  a  rise  toward  saturation  may  not  be  com- 
pletely masked  in  the  determination  of  the  heat  given  off  by  the  steam 
through  a  wide  range  of  cooling.  This  H  curve  might  easily,  and 
with  equally  close  conformity  to  the  experimental  data,  be  replaced 
by  one  of  our  final  form,  after  the  same  method  that  was  applied  to 
the  K  curves  on  Fig.  4.  The  quantitative  discrepancy  is  less  easily 
overcome;  neither  set  of  experiments  presents  a  predominating  claim 
to  confidence,  and  it  appears  that  the  best  way  to  arrive  at  a  conclu- 
sion is  to  "split  the  difference,"  noting  at  the  same  time  that,  at 
the  most,  this  difference  is  not  very  great  either  absolutely  or  rela- 
tively. 

26  The  guiding  curves  used  by  the  writer  in  finally  laying  out 
Cp  on  Fig.  7  are  drawn  on  one  plane  in  Fig.  6,  for  the  pressures  15, 
100,  300  and  600  lb.  per  square  inch.  These  derived  curves  are  in  full 
line,  marked  i/,  while  the  corresponding  K  and  T  curves  are  dotted. 
At  15  lb.  there  is  the  discrepancy  just  discussed.  At  100  lb.  the  agree- 
ment is  much  better,  which  is  all  the  more  satisfactory  because  this 
is  within  the  range  of  ordinary  technical  application  in  the  steam 
plant.  At  300  lb.  very  little  weight  is  given  to  the  widely  extn^K)- 
lated  K  curve.  The  H  curve  at  600  will  give  a  much  "fairer"  sur- 
face in  Fig.  7  than  would  the  T  curve. 
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RESULTS 

27  In  Fig.  7  and  Table  1  are  set  forth  the  final  results  of  the  dis- 
cussion. The  diagram,  which  shows  Cp,  is  laid  off  in  the  same  general 
manner  as  Fig.  1  and  4,  but  the  temperature  abscissa  is  degrees  of 
superheat  t^,  instead  of  temperature  on  the  thermometer  scale.  Then 
the  cross  curves,  which  give  the  variation  of  c^  with  change  in  pres- 
sure, are  in  vertical  planes  instead  of  lying  on  vertical  curved  sur- 
faces as  in  Fig.  1.     The  full  line  curves  cover  the  whole  range,  from 


"fflO     W     385  485  sSq  jgg- 

Fio.  6    Determining  Curves 


1  lb.  to  600  lb.  pressure;  the  dotted  curves  show  the  low-pressure 
^^ge,  up  to  50  lb.,  spread  out  on  a  pressure  scale  ten  times  as  large 
as  that  of  the  main  figure.  Values  of  Cp  are  measured  from  the  base 
ines  on  the  bottom  plane  P  T  to  intersections  of  the  curves  on  the 
'■p  surface.  Fig.  7,  as  here  reproduced,  is  too  small  to  have  any  but 
an  illustrative  value:  measurements  from  the  original  full  size  dia- 
^m  are  given  in  Table  1. 

28  In  the  table,  the  quadruple  horizontal  lines  correspond  with 
the  TC  curves  on  Fig.  7,  giving  quantities  which  belong  to  an  opera- 
tion of  heating  at  the  constant  pressure  marked  at  both  outer  margins : 
the  columns  are  analogous  to  the  PC  cross  curves  on  Fig.  7,  showing 
variation  with  the  pressure  for  a  particular  range  of  superheat  as 
fnarked  at  the  top.  The  four  values  grouped  together  for  each  con- 
dition are  as  follows: 
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TABLE  1      THERMAL  PROPERTIES  OF  SUPERHEATED  STEAM 


DBORKES  OP  BUPKRHBAT 
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TABLE  1     THERMAL  PROPERTIES  OF  SUPEHHEATED  STEAM— Continued 
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TABLE  1     THERMAL  PROPERTIES  OF  SUPERHEATED  STEAM— Continuad 
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12.4 

23.8 

34.7 

45.4 

55.8 

71.3 

\ 
n 

(1.6769) 

.0079 

.0152 

.0288 

.0416 

.0537 

.0664 

.0821 

t 

363.3 

373.3 

383.3 

403.3 

423.3 

443.3 

463.3 

493.3 

160    c 

.703 

.621 

.593 

.662 

.544 

.532 

.523 

.513 

h 

(1192.7) 

6.5 

12.6 

24.2 

35.3 

46.0 

66.6 

72.1 

n 

(1.5620) 

.0079 

.0152 

.0287 

.0414 

.0534 

.0650 

.0816 

,   t 

381.6 

391.6 

401.6 

421.6 

441.6 

461.6 

481.6 

511.6 

200    c 

.720 

.634 

.604 

.  .671 

.551 

.539 

.529 

.518 

h 

(1198.3) 

6.7 

12.9 

24.7 

35.9 

46.8 

57.4 

73.1 

n 

(1.5462) 

.0079 

.0152 

.0286 

.0412 

.0632 

.0646 

.0811 

1   < 

400.9 

410.9 

420.9 

440.9 

460.9 

480.9 

iOO.9 

530.9 

260    c 

.740 

.649 

.617 

.580 

.560 

.645 

.635 

.523 

A 

(1204.2) 

6.9 

13.2 

26.1 

36.5 

47.6 

58.4 

74.3 

'  n 

(1.5309) 

.0079 

.0152 

.0286 

.0411 

.0530 

.0644 

.0806 

1 
i   t 

417.4 

427.4 

437.4 

457.4 

477.4 

497.4 

617.4 

547.4 

300    c 

.757 

.661 

.628 

.588 

.566 

.661 

.541 

.520 

A 

(1206.9) 

7.0 

13.6 

26.6 

37.1 

48.3 

59.2 

76.3 

1  *» 

(1.6186) 

.0080 

.0152 

.0286 

.0410 

.0528 

.0641 

.0803 

t 

432.0 

442.0 

452.0 

472.0 

492.0 

512.0 

532.0 

562.0 

350 

c 

.773 

.672 

.638 

.595 

.571 

.656 

.546 

.533 

h 

(1213.7) 

7.1 

13.7 

26.0 

37.6 

48.9 

59.9 

76.1 

n 

(1.6085) 

.0080 

.0152 

.0286 

.0409 

.0526 

.0639 

.0799 

t 

444.9 

454.9 

464.9 

484.9 

504.9 

524.9 

644.9 

574.9 

400 

e 

.788 

.682 

.646 

.601 

.576 

.560 

.548 

.636 

k 

(1217.7) 

7.3 

13.9 

26.3 

38.1 

49.4 

60.5 

76.7 

n 

(1.5001) 

.0080 

.0152 

.0285 

.0408 

.0526 

.0636 

.0795 

t 

467.4 

477.4 

487.4 

507.4 

527.4 

547.4 

667.4 

597.4 

500 

c 

.815 

.701 

.658 

.609 

.682 

.566 

.552 

.639 

h 

(1224.5) 

7.5 

14.3 

26.9 

38.8 

50.3 

61.5 

n.8 

n 

(1.4863) 

.0081 

.0153 

.0285 

.0406 

.0521 

.0631 

.0788 

t 

486.9 

496.9 

506.9 

526.9 

546.9 

566.9 

586.9 

616.9 

000 

c 

.840 

.718 

.668 

.614 

.686 

.568 

.555 

•    .542 

h 

(1230.5) 

7.7 

14.6 

27.4 

39.4 

60.9 

62.2 

78.6 

n 

(1.4757) 

.0081 

.0153 

.0284 

.0404 

.0518 

.0626    1 

.0781 
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TABLE  1     THERMAL  PROPERTIES  OF  SUPERHEATED  STEAM— Continued 

DKORBE8    OF    SUPERHEAT  > 


lao 

200 

250 

300 

350 

400 

450 

600 

600 

P 

471.8 

611.8 

661.8 

611.8 

661.8 

711.8 

761.8 

811.8 

911.8 

t 

.494 

.490 

.490 

.491 

.494 

.497 

.500 

.604 

.611 

c 

80 

84.2 

103.0 

128.4 

152.9 

177.6 

202.4 

227.3 

262.4 

303.1 

h 

.0091 

.1202 

.1447 

.1682 

.1907 

.2123 

.2331 

.2632 

.2916 

n 

487.6 

527.6 

677.6 

627.6 

677.6 

727.6 

777.6 

827.6 

927.6 

/ 

.498 

.403 

.493 

.496 

.497 

.500 

.503 

.607 

.615 

e 

100 

S6.2 

106.1 

129.7 

164.4 

179.2 

204.1 

229.2 

264.4 

306.6 

h 

.0989 

.1103 

.1437 

.1669 

.1892 

.2107 

.2313 

.2613 

.2896 

n 

507.1 

547.1 

697.1 

647.1 

697.1 

747.1 

797.1 

847.1 

947.1 

« 

.502 

.407 

.496 

.498 

.500 

.604 

.607 

.611 

.619 

c 

130 

86.4 

106.4 

131.2 

166.1 

181.0 

206.1 

231.4 

266.8 

308.3 

h 

.0980 

.1183 

.1423 

.1663 

.1873 

.2086 

.2291 

.2489 

.2868 

n 

523.2 

663.2 

613.2 

663.2 

713.2 

763.2 

813.2 

863.2 

963.2 

t   1 

.506 

.601 

.499 

.601 

.604 

.507 

.611 

.514 

.622 

c 

160 

87.4 

107.6 

132.6 

167.5 

182.6 

207.9 

233.3 

268.9 

310.7 

h 

.0973 

.1174 

.1412 

.1640 

.1869 

.2070 

.2273 

.2470 

.2848 

n 

541.6 

681.6 

631.6 

681.6 

731.6 

781.6 

831.6 

881.6 

981.6 

<   i 

.511 

.506 

.604 

.505 

.608 

.511 

.614 

.518 

.526 

c  I  200 

88.6 

108.9 

134.1 

169.3 

184.6 

201.1 

236.7 

261.6 

313.7 

h 

.0967 

.1166 

.1402 

.1628 

.1845 

.2054 

.2266 

.2452 

.2828 

n 

560.9 

600.9 

050.9 

700.9 

750.9 

800.9 

860.9 

900.9 

1000.9 

t 

.517 

.610 

.608 

.610 

.512 

.615 

.619 

.523 

.531 

e      260 

89.9 

110.4 

135.9 

161.3 

186.7 

212.6 

238.4 

264.4 

317.1 

h 

.0961 

.1169 

.1393 

.1617 

.1832 

.2040 

.2241 

.2436 

.2809 

n 

577.4 

617.4 

667.4 

717.4 

767.4 

817.4 

867.4 

917.4 

1017.4 

( 

.621 

.514 

.612 

.613 

.516 

.519 

.622 

.626 

.634 

€  1  300 

91.0 

111.7 

137.4 

163.0 

188.7 

214.6 

240.6 

266.8 

319.8 

h 

.0956 

.1152 

.1386 

.1607 

.1821 

.2028 

.2228 

.2421 

.2793 

n  1 

592.0 

632.0 

682.0 

732.0 

782.0 

832.0 

882.0 

932.0 

1032.0 

t   , 

.542 

.517 

.616 

.616 

.618 

.522 

.626 

.529 

.637 

c 

360 

91.9 

112.8 

138.6 

164.4 

190.2 

216.2 

242.4 

268.7 

322.0 

h 

.0952 

.1146 

.1377 

.1598 

.1811 

.2016 

.2215 

.2407 

.2777 

n 

e04.9 

644.9 

694.9 

744.9 

794.9 

844.9 

894.9 

944.9 

1044.9 

t 

.527 

.520 

.618 

.619 

.621 

.625 

.628 

.532 

.540 

c 

400 

92.7 

113.6 

139.6 

165.5 

191.6 

217.6 

243.9 

270.4 

324.0 

h 

.0947 

.1140 

.1370 

.1689 

.1801 

.2005 

.2203 

.2394 

,2763 

n 

827.4 

667.4 

717.4 

767.4 

817.4 

867.4 

917.4 

967.4 

1067.4 

t 

.530 

.523 

.621 

.622 

.525 

.529 

.632 

.537 

.546 

c  '  600 

93.9 

115.0 

141.1 

167.2 

193.4 

219.7 

246.3 

273.0 

327.1 

A  ! 

.0938 

.1128 

.1365 

.1572 

.1782 

.1984 

.2180 

.2371 

.2737 

n 

646.9 

686.9 

736.9 

786.9 

836.9 

886.9 

936.9 

986.9 

1086.9 

t 

.534 

.527 

.626 

.526' 

.628 

.532 

.636 

.540 

.649 

e  '  600 

94.7 

116.0 

142.3 

168.6 

194.9 

221.4 

248.1 

276.0 

329.4 

*  i 

.0929 

.1117 

.1341 

.1656 

.1764 

.1964 

.2159 

.2348 

.2711 

n  1 
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t  =  temperature  of  steam,  in  degrees  fahrenheit. 

c  =  specific  heat  imder  constant  pressure,  generally  called  Cp, 

at  the  particular  temperature  and  pressure. 
h  =  heat  required  to  raise  the  steam  from  saturation  up  to  the 

the  temperature  t,  or  through  the  number  of  degrees 

at  the  top  of  the  column,  at  constant  pressure, 
n  =  entropy  of  superheating,  or  the  entropy  gained   with 

the  heat  h. 

In  choosing  the  intervals  between  the  tabular  values,  in  both  directions, 
the  idea  was  to  keep  these  intervals  short  enough  for  the  effective  use 
of  simple  rectiUnear  interpolation.  A  column  for  550  deg.  was 
originally  computed,  also  lines  for  p=  450  and  550  lb.;  these  were 
crowded  out  in  bringing  the  table  to  page  form,  but  their  absence 
will  cause  no  appreciable  error. 

29  The  above  description  does  not  fully  apply  to  the  first  column, 
for  zero  superheat.  This  is,  of  course,  the  state  of  dry  saturation, 
where  h  and  n,  as  just  defined,  are  both  equal  to  zero.  In  the  spaces 
that  would  thus  be  left  vacant  are  bracketed:  In  the  h  column, 
the  total  heat  H  of  one  pound  of  dry  saturated  steam,  above  water 
at  32  deg.  fahr.;  in  the  n  column,  the  total  entropy  of  heating  and 
evaporation,  corresponding  with  the  heat  H, 

30  The  writer,  desiring  to  dispense  with  Greek-letter  symbols  in 
thermodynamic  formulae,  and  having  other  uses  for  the  more  obvious 
Ej  has  adopted  N  as  the  symbol  for  entropy.  Letting  plain  N 
stand  for  the  entropy  of  dry  saturated  steam  formed  in  the  usual 
manner,  which  is  given  in  the  zero  column  of  the  table  as  just  stated, 
we  have  (JV  +  n)  as  the  abscissa  of  a  point  on  the  isopiestic  curve 
for  superheat  in  the  entropy-temperature  system  of  representation. 

31  Fig.  7  embodies  the  result  of  an  attempt  to  develop  a  general 
law  from  experimental  data  which  are  not  in  very  close  agreement. 
The  quantity  sought  does  not  lend  itself  to  easy  and  precise  deter- 
mination; and  although  the  experiments  here  discussed  areessentially 
correct  in  method,  and  are  far  superior  in  reliability  to  any  which 
have  preceded  them,  they  nevertheless  leave  an  area  of  uncertainty 
within  which  probabilities  must  be  balanced  and  judgment  exercised. 
Based  upon  such  data,  the  law  may  be  qualitatively  correct,  and  yet 
be  liable  to  a  certain  degree  of  quantitative  error.  But  even  though 
the  absolute  values  may  not  be  quite  in  conformity  with  the  undis- 
covered jtruth,  it  is  highly  important  that  in  their  manner  of  variation 
they  fojlow  some  smoothly  acting  law. 
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32  The  general  principles  just  enunciated  are  intended  to  bear  upon 
the  question  of  the  degree  of  precision  desirable  in  the  quantities  in 
Table  1.  It  appears  that  there  must  be  some  definite  law  of  relation 
between  c,  t  and  p,  and  there  is  no  reason  to  expect  irregularities  in 
the  true  law.  Whether  Fig.  7  embodies  this  true  law  or  not,  there  is 
no  doubt  that  a  set  of  curves  defines  a  quantity  much  less  rigorously 
than  does  a  mathematical  formula.  It  must  be  acknowledged  there- 
fore that  the  values  of  c  in  Table  1,  measured  from  a  diagram  and 
accurate  to  only  three  figures,  are  likely  to  show  small  irregularities. 

33  The  numbers  h  and  n  were  at  first  computed  directly  from 
c  as  measured,  being  carried  to  five-figure  accuracy;  that  is,  the  heat 
values  had  two  decimal  places,  the  entropy  values  five.  Checking 
these  by  means  of  their  differences,  minor  irregularities  were  found: 
but  by  the  expedient  of  making  the  differences  conform  to  a  scheme 
of  regular  variation,  the  values  of  h  and  n  were  brought  to  a  much 
surer  and  more  exact  manner  of  variation  than  that  of  c.  Of  course, 
h  and  n  are  the  actually  important  quantities  for  thermodynamic 
calculations. 

34  Although  heat  and  entropy  were  both  worked  out  to  one 
more  decimal  place  than  is  given  in  the  table,  and  together  adjusted 
until  the  probable  irregularity  did  not  exceed  two  points  in  this 
last  place,  it  did  not  appear  that  any  practically  useful  purpose  would 
be  served  by  printing  the  table  w4th  more  figures  than  are  actually 
given.  In  computing  the  entropy  /i,  values  were  at  first  got  by 
plain  division,  using  intervals  of  10  to  50  deg.,  and  dividing  heat  added 
by  average  absolute  temperature;  this  first  table  was  then  corrected 
by  using  more  exact  methods  along  a  few  equally  spaced  pressure 
lines,  and  carrying  the  differences  thus  found  through  the  ranges 
between  these  closer  determinations. 

VARIOUS    DATA 

35  In  the  preceding  discussion,  the  experiments  of  Knoblauch 
and  Jakob  and  of  Thomas  are  accepted  as  reliable,  but  no  attention 
is  paid  to  the  other  experiments,  over  similar  ranges,  that  have  been 
reported  from  time  to  time.  Both  the  "accepted"  sets  were  made 
by  the  method  of  superheating  the  steam  with  heat  derived  from  a 
measured  electric  current.  Knoblauch  and  Jakob  took  steam  at  a 
temperature  t^  (which  ranged  from  15  deg.  to  370  deg.  fahr.  above 
saturation)  and  raised  it  to  f,  (which  was  from  50  to  140  deg.,  higher 
than  Q.    Thomas  found  in  every  case  the  heat  needed  to  raise  the 
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Steam  from  dry  saturation  to  the  particular  temperature  (.  Both 
took  great  precautions  against  radiation,  and  used  effective  methods 
in  measuring  the  unavoidable  loss  by  radiation. 

36  The  converse  of  the  method  of  heating  is  that  of  cooling,  in 
which  heat  is  abstracted  from  a  ciuTent  of  highly  superheated  steam 
and  measured  by  an  absorption  calorimeter — the  steam  being  still 
superheated  when  it  leaves  the  calorimeter.  The  most  prominent 
experiments  along  this  line  were  made  by  Lorenz,  and  published  in 
the  Zeitschrift  des  Vereins  deutscher  Ingenieure,  1904,  p.  698.  The 
surfaces  were  water-cooled,  hence  at  a  much  lower  temperature  than 
the  steam  which  flowed  over  them.  The  results  as  to  Cp  now  appear 
to  have  been  uniformly  too  large,  because  of  a  fact  which  has  come  to 
be  recognised  only  in  the  last  few  years.  This  is,  that  a  current  of 
superheated  steam  may  be  far  from  homogeneous,  especially  when 
near  to  saturation.  In  the  method  of  Lorenz  the  outer  layers  of 
the  steam  current  may  be  cooled  to  saturation  and  even  partly  con- 
densed, while  the  body  of  the  steam  is  yet  superheated  and  determines 
the  reading  of  the  thermometer.  The  result  is  that  the  amount  of 
heat  abstracted  is  too  great  in  relation  to  the  apparent  temperature 
drop. 

37  The  other  method  which  has  been  extensively  used  is  that  of 
throttling  or  wire  drawing.  The  apparatus  is  essentially  a  throttling 
calorimeter  on  a  large  scale,  with  especial  precautions  against  radiation 
and  conduction  of  heat.  The  best  experiments  have  been  made  by 
Grindley,  Philosophical  Transactions  of  the  Royal  Society  of  London, 
1900,  vol.  194,  and  by  Griessmann,  Zeitschrift  des  Vereins  deutscher 
Ingenieure,  19C3,  p.  1850.  Two  main  objections  lie  against  this 
niethod,  one  is  the  difficulty  of  insuring  that  truly  dry  steam  is  received 
at  the  upper  pressure;  the  other,  the  uncertainty  as  to  whether  the 
throttled  and  superheated  steam  is  truly  homogeneous.  In  regard  to 
the  latter  point,  Griessmann,  who  used  a  porous  plug  instead  of  an 
orifice,  would  appear  to  be  less  liable  to  error.  The  writer  analyzed 
Griessmann's  results  several  years  ago;  and  while  the  individual  values 
of  Cp  for  the  same  pressure  and  nearly  the  same  range  of  temperature 
do  not  agree  well,  the  averages  of  a  number  of  similar  determinations 
check  up  quite  fairly  with  values  from  Table  1,  as  appears  in  Table  2. 
Referring  to  Fig.  6,  we  see  that  Griessmann's  results  would  agree 
letter  with  the  curves  of  Thomas,  which  are  uniformly  higher  than 
those  decided  upon  by  the  writer,  at  these  low  degrees  of  superheat. 

38  In  this  connection,  it  may  be  of  interest  to  compare  values  of 
the  superheat  h  as  given  by  Thomas  with  values  from  Table  1.    The 
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TABLE  2    COMPARISON  OF  GRIESSMANN'S  RESULTS 


Pressurk 

Speoififl 

hMt  e 
P 

Degroe  fahr.  of 
Sux>erheat 

Kg. 

Lb. 

Grieasnuum 

T^lel 

1 

14 

70 

0.51 

0.487 

2 

28 

45 

0.53 

0.503 

3 

43 

30 

0.55 

0.530 

4 

57 

20 

0.57 

0.550 

5 

71 

15 

0.597 

0.570 

6 

85 

10 

0.62 

0.592 

values  marked  T  in  Table  3  are  taken  from  Fig.  17  of  Thomas'  paper, 
which  is  a  plot  of  the  heat  quantity  fe,  those  marked  H  are  from 
Table  1.  Neither  in  absolute  amoimt  nor  in  percentage  are  the 
differences  large  enough  to  be  of  much  practical  significance. 

TABLE  3     COMPARISON  OF  SUPERHEAT  IN  BRITISH  THERMAL  UNITS 


Premiurb 

Degree  of  Superheat 

40 

100               I              200 

800 

p 

T 

H 

T 

H       1       T               H 

T 

H 

20 

60 

300 

21.8 
23.4 
25.2 

20.9 
22.5 
25.6 

61.3 
54.0 
59.0 

49.9     1      99.1 
55.0     1    103.6 
59.2     1    112.5 

1 

97.1 
105.1 

in.  7 

146.1 
15L6 
16L7 

144.2 
15L0 
163.0 

SUMMARY 

39  For  a  purpose  such  as  the  determination  of  the  total  heat  of 
formation  of  superheated  steam  in  the  work-up  of  a  boiler  test,  the 
results  of  either  Knoblauch  and  Jakob  or  of  Thomas  might  be  used, 
within  and  over  the  range  of  actual  experiment,  without  introducing 
an  error  of  any  practical  significance.  For  other  purposes,  such  as 
calculations  from  point  to  point  in  the  field  of  superheat,  the  dis- 
agreement of  the  two  authorities  introduces  a  very  considerable 
element  of  uncertainty.  The  writer  has  endeavored  to  balance  prob- 
abilities between  the  two,  to  correct  certain  manifest  errors  in  inter- 
pretation, and  to  make  the  law  for  c^  take  a  consistent  form,  in  accord- 
ance with  the  rational  requirements  which  have  gradually  become  evi- 
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dent  as  experimental  knowledge  in  regard  to  this  subject  has  been 
enlarged. 

40  It  is  reasonable  to  believe  that  the  change  from  the  properties 
of  wet  steam  to  those  of  superheated  steam,  at  the  saturation  limit, 
is  not  absolutely  abrupt,  but  that  there  is  left  a  little  disgregation 
work,  or  something  closely  analogous  thereto.  This  accounts  for 
the  higher  value  of  c^  near  saturation,  as  well  as  for  its  falling  off  with 
the  temperature.  The  writer  does  not  believe  that  the  finally  adopted 
initial  cross-curve  H2  in  Fig.  2  is  at  all  definitely  determined,  but  he 
does  agree  on  principle  with  the  experiments  of  Thomas,  which  show 
this  rise  of  Cp  toward  saturation  to  persist,  although  decreasing  in 
amount,  into  the  low  ranges  of  pressure  and  temperature.  An  error 
of  10  or  even  20  per  cent  in  the  value  of  the  initial  Cp  would  have 
only  a  minute  effect  upon  the  superheat  h. 

41  The  rise  of  c^  with  temperature,  after  a  minimum  has  be^n 
reached,  is  a  well  established  fact  in  the  behavior  of  chemically  com- 
pound gases,  like  H2O  and  COj,  and  even  takes  place,  though  at  a 
very  slow  rate,  with  the  simple  gases  such  as  oxygen  and  nitrogen. 
Knoblauch  and  Jakob  fully  recognize  this  fact,  indeed  over  emphasize 
it  in  letting  rather  faint  experimental  indications  make  their  curves 
rise  too  soon  and  too  rapidly.  Thomas,  on  the  other  hand,  ignores 
it,  although  his  experiments  hardly  extended  far  enough  into  the  field 
of  superheat  for  the  upward  tendency  to  have  come  into  action. 
According  to  the  data  on  Fig.  5,  it  appears  that  the  writer's  curves  are 
made  to  rise  just  a  little  too  rapidly.  In  laying  out  Fig.  6  and  7, 
the  idea  was  that  these  curves  of  c^  for  different  pressures,  based  upon 
actual  temperature  and  if  projected  upon  one  plane  as  in  Fig.  6,  ought 
to.  converge  very  slowly  as  they  rise. 

42  In  conclusion,  the  writer  would  again  express  his  strong  con- 
fidence in  the  experiments  which  form  the  basis  of  this  discussion; 
and,  at  the  risk  of  accusation  of  rashness,  would  state  the  belief 
that,  for  all  technical  purposes,  the  question  of  the  specific  heat  of 
superheated  steam  under  constant  pressure  is  about  settled. 

DISCUSSION 

Dr.  Henry  T.  Eddy*  In  considering  the  comparisons  made  by 
Professor  Heck  of  the  experimental  results  arrived  at  by  Professor 
Thomas,  and  Knoblauch  and  Jakob,  as  referred  to  by  him,  the  present 

•Dr.  Henry  T.  Eddy,  Dean  of  the  Graduate  School  and  Professor  of  Mathe- 
naatics  and  Mechanics,  University  of  Minnesota,  Minneapolis. 
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writer  was  led  to  construct  the  lines  expressing  the  relation  of  the 
total  superheat  in  degrees  to  the  total  superheat  British  thermal  units 
at  the  four  pressures  investigated  by  Knoblauch,  viz:  at  2, 4,  6  and  8 
atmospheres  nearly,  or  28.44,  56.88,  85.32,  and  113.76  lb.  per  sq. 
in.  precisely,  these  lines  being  suitably  interpolated  to  accord  with  the 
results  of  Thomas  as  given  by  him  in  Fig.  9  of  his  paper  published  in 
Transactions,  Vol.  29.  The  lines  so  drawn  would  consequently  in 
•  general  lie  between  those  shown  by  Thomas  in  his  Fig.  17.  It  then 
appeared  that  Professor  Thomas  had  taken  some  liberties  with  his 
original  data  as  shown  in  his  Fig.  9,  evidently  in  order  to  bring  his 
Fig.  17  into  agreement  with  the  idea  that  saturated  steam  must  begin 
to  be  superheated  as  soon  as  any  heat  is  imparted  to  it.  That  may 
be  the  fact  and  yet  the  lines  on  Fig.  17  may  be  drawn  to  accord 
more  closely  with  the  data  shown  in  Fig.  9. 

2  The  object  of  the  present  discussion  is  not  to  make  the  slight 
corrections  suggested  by  these  not  unwarrantable  liberties  which 
Professor  Thomas  has  taken  with  his  data,  but  to  show  that  his  data 
admit  equally  well,  or  in  fact  better,  of  a  more  simple  representation 
which  may  be  regarded  as  a  very  close  practical  approximation  to 
the  laws  for  superheated  steam,  or  steam  gas,  just  as  the  laws  for 
so-called  perfect  gases  are  applied  to  ordinary  gases  and  are  in  fact 
sufficiently  close  for  almost  all  practical  purposes. 

3  When  we  take  Thomas*  Fig.  9  and  attempt  to  construct  his 
Fig.  17  as  he  has  done,  it  is  found  that  perfectly  straight  lines  on  Fig. 
17  represent  the  mean  values  of  points  plotted  on  Fig.  17  quite  as 
well  as  the  slightly  curved  lines  he  has  chosen;  and  had  it  not  been 
for  the  supposed  necessity  for  making  the  lines  pass  through  the 
origin,  no  one  would  have  drawn  them  as  they  are  shown  in  Fig.  17. 
Furthermore,  it  is  found  by  trial  that  using  fahrenheit  degrees  and 
British  thermal  units  as  coordinates  these  lines  all  pass  very  nearly 
through  a  single  point  whose  coordinates  are  —34  deg.  fahr.  and 
—  14.5  B.t.u.  from  saturation  as  origin;  so  that  Thomas*  experiments 
may  all  be  very  closely  represented  by  the  linear  equation 

h  =  Cp(d  +  34)  -  14.5 
in  which 

h  =  the  superheat  in  British  thermal  units. 

d  =  the  superheat  in  degrees  fahrenheit. 

Cp=the  specific  heat  at  the  given  pressure  p. 

p  =  the  absolute  pressure  in  pounds  per  square  inch. 

4  In  order  to  compare  this  equation  with  the  experiments  of 
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Thomas,  let  us  first  compute  by  it  the  values  of  Cp  for  the  data  given 
in  Thomas'  Fig.  9,  and  also  given  in  his  Table  1  where  h  and  d  have 
been  changed  from  watts  and  centigrade  degrees  to  British  thermal 
units  and  degrees  fahrenheit  by  making  1  watt  =  3.412  B.t.u.,  etc. 
5  Considering  now  the  values  of  Cp  for  these  six  different  pres- 
sures, there  are  certain  reasons  which  will  appear  later  for  assuming 
the  mean  value  of  Cp  for  any  pressure  to  be  the  average  of  the  middle 
four  temperatures.  We  shall  then  provisionally  assume  them  to 
be  mdependent  of  the  degree  of  superheat  as  follows:  Let  these  values 
be  plotted  as  shown  in  the  small  circles  in  Fig.  1.  They  fall  very 
doeely  upon  a  regular  curve,  except  at  165  lb.  From  this  curve  then, . 
they  may  be  read  as  a  systematic  set  of  corrected  values  of  Cp  for 
the  above  pressures  or  any  other  intermediate  pressures  desired. 

TABLE  1      CALCULATED  RESULTS  FOR  COMPARISON  WITH  THE    VALUES  OF 

THOMAS 


V        1        d 

h 

Cp 

\       p         \d 

h 

Cp 

f 

36 

10.65 

0.4880 

! 

36 

21.5 

0.5143 

72 

36.2 

0.4780 

72 

41.3 

0.5264 

7   ' 

108 

54.5 

0.4862 

115    i 

108 

59.36 

0.5202 

144 

60.6 

0.4724 

144 

79.6 

0.5286 

180 

87.6 

0.4772 

180 

97.7 

0.5243 

270 

130.3 

0.4763 

270 

140.9 

0.5112 

36 

20.33 

0.4980 

36 

22.23 

0.5248 

I          72 

37.6 

0.4906 

72 

42.3 

0.5359 

20 

108 

65.3 

0.4914       |,       ,^^    J 

108 

62.1 

0.5394 

144 

71.3 

0.4820 

iW 

144 

82.23 

0.5434 

180 

88.7 

0.4822 

180 

101 

0.5397 

270 

132.0 

0.4832 

270 

143 

0.5181 

S6 

20.5 

0.5000 

■    f 

36  ' 

22.5 

0.5286 

72 

38.55 

0.5000 

;           72 

41.6 

0.5292 

25 

108 

56.64 

0.5100        ,       „,,    . 

108 

62.1 

0.5394 

144 

72.9 

0.4910 

«iu     ■^ 

144 

81.9 

0.5416 

180 

91.1 

0.4935 

180 

101.55 

0.5421 

i        270 

134.1 

0.4888 

' 

270 

145.1 

0.5250 

36 

20.8 

0.5043 

'           36 

22.9 

0.5343 

72 

39.6 

0.5104 

1 

72 

43 

0.5425 

5S 

.       108 

58 

0.5105 

300 

1         108 

63.2 

0.5472 

144 

75.4 

0.5051 

'         144 

82.9 

0.5472 

180 

92.8 

0.5014 

180 

102.7 

0.5467 

ij       270 

136.5 

0.4967 

270 

149.7 

0.5300 

36 

21.15 

0.5009 

36 

22.9 

0.5343 

72 

40.25 

0.5165 

72 

46 

0.5613 

T5 

108 

58.1 

0.5113        ' 
0.5163       !l       ^ 

108 

64.5 

0.5563 

144 

76.4 

144 

83.9 

0.5528 

180 

95.2 

0.5126 

180 

104.75 

0.5572 

l,       270 

138.6 

0.5026       11 

270 

150.8 

0.6438 

-L___ 
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TABLE  2      VALUES  OF  Cp  CORRESPONDING  TO  PRESSURES  IN  TABLE  1 


V 

7 

20 

36 

55 

76 

116 

165 

216 

300 

600 

Cp 

0.478 

0.486 

0.486 

0.607 

0.514 

0.626 

0.64 

0.538 

0.646 

0.567 

6  Upon  Fig.  1  are  plotted,  not  only  the  values  of  p  and  Cp  in 
Table  2,  but  also  the  values  of  d  and  Cp  given  in  Table  1,  the  points 
for  any  given  pressure  being  joined  by  dotted  lines  to  show  the 
deviations  of  the  experimental  values  of  Cp  from  the  assumed  mean  val- 
ues, which  last  are  represented  by  horizontal  unbroken  lines.  These 
show:  First,  that  the  experimental  deviations  from  the  mean  values 
adopted  follow  no  general  fixed  law  whatever,  such  deviations  here 
being  represented  on  an  enormously  exaggerated  scale  by  reason  of  the 

Pounds  Pressure,  Absolute 
40       aO      120  JM     200MOa908a08604004404aO      520     580 


90       40       00       80       100     120     140     180     180     200     220     MO     960 
Degrees  of  Superheat,  Fahr. 

Fig.  1    The  Curve  op  Pressure  and  Specific  Heat.     The  Deviations  of 
Thomas^  Experimental  Specific  Heats  from  the  Mean  Values 

zero  of  specific  heat  having  been  placed  so  far  below  the  diagram. 
Second,  that  the  values  of  Cp  for  36  deg.  fahr.  all  lie  much*  nearer 
together  than  do  the  mean  lines  assumed;  being,  in  fact,  about 
one-half  as  far  apart.  Were  this  drawing  together  also  further 
indicated  by  Thomas'  experiments,  at  18  deg.  of  superheat, 
one  might  be  led  to  think  that  the  superheat  lines  converge 
more  rapidly  as  they  approach  zero  of  superheat,  but  the 
experiments  at  18  deg.  do  not  bear  out  this  interpretation,  and  so 
far  as  they  go  they  confirm  the  assumption  that  the  lines  are  straight. 
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As,  however,  the  experiments  at  18  deg.  were  made  at  a  set  of  pres- 
sures diflfering  from  the  other  lines,  it  is  impossible  to  introduce  the 
data  for  18  deg.  along  with  those  for  other  superheats.  This  evidence 
will  appear  later  in  Fig.  2.  Third,  that  the  values  of  Cp  at  270  deg. 
fahr.  are  all  much  lower  than  the  means  assumed.  Fourth,  that 
were  it  a  fact  that  the  superheat  lines  have  the  kind  of  curvature 
shown  in  Thomas'  Fig.  17,  the  dotted  lines  in  this  Fig.  1  should  all  show 
unmistakably  a  form  convex  upward,  such  as  might  be  indicated  by  the 
dotted  lines  at  pressures  of  165, 215  and  300  lb.  Fifth,  since  corre- 
sponding curves  derived  from  Knoblauch's  experiments  are  all  very 
strongly  concave  upward,  and  the  values  indicated  by  his  experiments 
are  for  all  pressures  like  the  dotted  line  for  20  lb.  in  Fig.  1,  in  which  the 
specific  heat  decreases  at  higher  superheats,  we  ought  to  neglect  the 
doubtful  indications  of  convexity  that  might  be  suggested  at  pres- 
sures 165,  215  and  300,  especially  as  the  specific  heats  at  165  are  in 
grave  doubt  by  reason  of  the  anomalous  position  of  some  of  them 
80  near  to  or  even  above  those  on  the  215  line.  Sixth,  that  aside 
from  these  there  are  no  general  relations  discoverable,  and  that  a 
constant  value  of  Cp,  i.e.,  a  horizontal  straight  line  fo^:  each  pressure, 
fits  these  values  of  Cp  as  well  as  any  other  kind  of  cxirve  that  could 
be  suggested  for  them  all. 

7  Since  Professor  Thomas  has,  in  his  Fig.  17,  constructed  super- 
heat lines  for  a  certain  set  of  pressures,  let  us  proceed  to  construct 
lines  for  these  pressures  in  accordance  with  our  equation  of  superheat 
and  Fig.  1.  In  Fig.  2  are  drawn  superheat  lines  having  as  their  slopes 
values  of  Cp  derived  from  Fig.  1.  All  these  lines  pass  through  A. 
which  may  be  called  the  absolute  origin  of  the  specific  heats  of  super- 
heated steam  regarded  as  a  gas,  this  origin  being  situated  at— 34 
deg.  fahr.  and  — 14  B.t.u.  We  read  from  Fig.  1  the  following  values 
ofC,: 

TABLE  3  VALUES  OF  Cp  PLOTTED  FROM  FIG.  1 


, 

0 

1   20 

40 

60 

80 

100 

j   150 

300 

500 

Cp 

0.474 

1  0.4866 

0.4983 

0.5087 

0.5165 

0.522 

0.5308 

0.546 

0.557 

8  Having  constructed  the  lines  of  superheat  on  Fig.  2,  it  is  possible 
to  construct  a  superheat  curve  for  any  number  of  degrees  of  super- 
heat, the  coordinates  being  absolute  pressures  and  British  thermal 
units  of  superheat.  A  set  of  such  curves  is  drawn  upon  Fig.  2  for 
the  degrees  of  superheat  which  Thomas  investigated  and  they  show 
the  British  thermal  units  which  must  be  imparted  to  each  pound 
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Degrees  Superheat  fahr 
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Fig.  2    Curves  op  Superheat  as  Pressure  and  British  Thermal  Units  Vabt 

AND  OF  Pressure  and  Specific  Heat  as  Deorebs 

AND  British  Thermal  Units  Vary 
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of  Steam  to  superheat  it  to  the  degree  indicated,  on  the  supposition 
that  our  equation  and  Fig.  1  correctly  represent  the  facts. 

9  These  two  sets  of  superheat  lines  and  curves  may  be  best  con- 
ceived of  as  profiles  of  a  surface  in  space,  wherein  pressures  and 
degrees  of  superheat  are  used  as  coordinates  in  a  horizontal  plane  and 
the  British  thermal  units  taken  for  the  vertical  ordinate.  The  sur- 
face has  approximately  a  plane  slope  with  one  edge  at  A,  but  is 
warpKHl  enough  so  that  vertical  planes  parallel  to  the  edge  A  cut 
the  surface  in  curves  not  quite  horizontal. 

10  We  have  also  plotted  upon  Fig.  2  small  circles  representing  tne 

TABLE  4     COMPARISON  OF  RESULTS  OF  KNOBLAUCH  AND  THOMAS 


28.44 


56.88 


So. 32 


113.76 


KNOBl 

Cp 

LAUCH 

d 

h 

100 

0.496 

49.5 

200 

0.495 

99. 

300 

0.495 

148.5 

400 

0.495 

198. 

100 

0.50 

50. 

200 

0.494 

98.8 

300 

0.492 

147.6 

400 

0.492 

196.8 

100 

0.524 

52.4 

200 

0.51 

102. 

300 

0.506 

151.5 

400 

0.504 

201.5 

100 

0.544 

54.4 

200 

0.522 

104.4 

300 

0.614 

154.2 

400 

0.513 

205.2 

0.492 


0.507 


0.518 


0.525 


51.4 
100.6 
149.8 
199. 

53.4 
104.1 
154.8 
205.5 

64.9 
106.7 
158.5 
210.3 

55.8 
108.3 
160.8 
213.3 


AA" 


1.9 
1.6 
1.3 
1. 

3.4 
5.3 
7.2 
8.7 

2.5 

4.7 

7. 

8.8 

1.4 
3.9 
6.6 
8.1 


experimental  results  of  Thomas'  experiments  in  his  Table  1  and  his 
Fig-  9.  The  agreement  with  the  theoretical  curves  is  as  good  as 
are  Professor  Thomas'  curves  in  his  Fig.  9  for  the  four  middle  curves. 
The  divergence  is  greatest  at  the  curve  for  270  deg.  In  Thomas*  Fig. 
15  will  be  found  the  results  of  his  experiments  with  his  electric  calori- 
meter compared  with  the  double  radiation  calorimeter  which  greatly 
diverge  at  the  270  deg.  curve,  though  practically  coincident  else- 
where. I  have  ventured  to  place  upon  my  Fig.  2  three  of  the  double 
radiation  results  of  Thomas,  as  shown  by  the  crossed  circles,  which 
lie  much  nearer  my  theoretical  curve. 
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11  It  is  evident  that  much  greater  possibilities  of  experimental 
deviations  exist  at  high  superheats,  and  owing  to  these  contradictions 
and  uncertainties  I  have  not  included  the  specific  heats  derived  from 
the  270  deg.  experiments  in  finding  the  mean  specific  heats.  This 
is  the  same  matter  that  was  alluded  to  in  connection  with  Fig.  1. 
Regarding  the  points  on  the  curves  at  18  deg.  and  36  deg.,  since  the 
slopes  Cp  will  be  much  more  seriously  affected  by  small  deviations 
in  experimental  values  of  points  so  near  A  as  they  are,  I  have  also 
not  included  these  in  computing  mean  specific  heats  in  Table  2. 

12  Now  let  us  consider  the  fact  that  the  superheat  lines  of  Fig.  2 
fail  to  pass  through  the  origin  of  superheat.  First,  if  these  lines 
converged  so  as  to  meet  at  d  =  0,  fc  =  constant,  we  should  at  once 
assume  the  steam  to  be  moist  or  to  contain  entrained  water.  That 
indeed  may  be  the  case  even  now  and  it  is  advisable  to  make  it  more 
certain  experimentally  that  no  water  is  possibly  carried  along 
in  the  superheated  steam;  second,  it  is  possible  that  these  lines  come 
down  to  d  =  0,  A  •=»  0,  very  suddenly  at  saturation,  either  all  at  the 
same  slope  or  at  different  slopes.  No  one  at  present  knows  .what 
that  slope  may  be,  or  whether  it  is  a  slope  or  a  sudden  drop  as  shown 
in  Fig.  2.  Consequently,  all  discussion  as  to  the  value  of  Cp  at  satura- 
tion, is  futile  and  illusory.  Thomas'  experiments  show  no  more 
about  that  than  appears  upon  this  Fig..  2,  and  Knoblauch  did  not 
attempt  to  obtain  the  specific  heat  near  saturation.  The  prolonga- 
tion of  any  of  these  curves  to  saturation  is  the  merest  guess.  In 
fact,  finding  the  value  of  Cp  at  saturation  is  of  no  practical  importance 
except  for  the  purpose  of  finding  the  British  thermal  units  of  super- 
heat A,  which  is  represented  with  approximate  accuracy  for  technical 
purposes  by  our  equation  or  by  the  superheat  lines  in  Fig.  1. 

13  It  has  been  thought  by  the  writer  that  for  professional  purposes 
a  chart  which  would  map  out  the  superheat  region  in  a  different 
manner  from  the  foregoing  and  which  might  replace  tables  of  the 
properties  of  superheated  steam  might  be  most  useful.  A  part  of 
such  a  chart  is  given  in  Fig.  3  based  on  the  foregoing  interpretation 
of  Thomas'  experiments,  and  a  more  complete  chart  of  the  properties 
of  superheated  steam  based  on  the  experiments  of  Knoblauch  is  also 
appended,  as  Fig.  4,  which  was  constructed  in  1907  by  Mr.  C.  F. 
Shoop  under  the  writer's  directions.  Mr.  Shoop  also  constructed  a 
plaster  model  in  the  spring  of  1907  similar  to  that  represented  by  the 
Knoblauch  curves  in  Professor  Heck's  Fig.  4,  which  may  be  seen  at 
the  University  of  Minnesota.  The  curves  of  constant  specific  heat 
in  the  chart.  Fig.  4,  are  the  level  contour  lines  of  the  plaster  model. 
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It  is  evident  that  using  pressures  and  temperatures  as  the  coordinates 
to  define  the  state  of  the  superheated  steam,  it  is  possible  to  represent 
the  numerical  value  of  any  property  such  as  specific  heat,  entropy, 
etc.,  as  ordinates  and  so  get  one  surface  for  specific  heats,  another 
for  entropy,  etc.  The  level  contour  lines  of  such  surfaces  are  the 
lines  of  constant  specific  heat,  constant  entropy,  etc.,  upon  the  chart, 
from  which  can  be  read  numerical  values  of  these  quantities  for  any 
given  pressure  and  temperature.     In  fact  the  numerical  values  of 
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Fig.  3.    Specific  Heat  and  British  Thermal  Units  above  Saturatioii 
OP  Superheated  Steam 

any  two  properties  might  thus  be  used  as  co6rdinates  and  the  others 
to  con.^titute  surfaces  by  using  them  as  ordinates.  What  I  wish  to 
advocate  is  the  advantage  in  point  of  simplicity  of  apprehension  of 
using  as  primary  coordinates,  pressure  and  temperature. 

14  The  curves  of  constant  specific  heat  ahd  constant  mean 
specific  heat  up  to  any  given  state  may  be  read  upon  this  chart,  and 
the  latter  may  be  depended  upon  as  being  accurate  according  to 
Knoblauch's  experiments,  having  been  integrated  and  checked  with 
great  care  by  Mr.  Shoop,  to  whom  I  am  greatly  indebted  for  the  pains- 
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taking  accuracy  with  which  he  has  executed  the  computations 
this  chart.  Thus  the  British  thermal  units  at  any  given  state  ma^ 
found  with  confidence  from  this  chart  so  far  as  Knoblauch'sexperim 
and  interpretations  justify  such  confidence.  It  should  be  noticed, 
ever,  that  Knoblauch's  actual  experiments  cover  only  a  part  ol 
area  charted,  viz:  that  from  pressure  28.44  to  1 13.76  and  from  sai 
tion  up  to  about  675  deg.  fahr. 

15  On  Fig.  3  the  lines  of  specific  heat  C^  being  constant  for  i 
pressure  are  vertical  lines,  and  there  are  no  lines  of  mean  specific  fe 
since  the  total  superheat  in  British  thermal  units  is  A  and  is  to  be  <3 
puted  from  our  equation  when  the  degree  of  superheat  d  is  kno^ 

16  It  seems  desirable  to  show  numerically  how  Knoblau 
results,  smoothed  out  by  equalizing  curves  as  they  are  at  the 
pressures  he  experimented  upon,  compare  with  Thomas'  resi 
smoothed  out  as  I  have  done  in  Fig.  1  by  help  of  lines  whose  sp 
heats  are  constant  at  constant  pressure,  by  computing  valu< 
h  in  both  cases,  as  in  Table  4,  where  Cp  designates  the  mean  s 
heat  at  constant  pressure  according  to  Knoblauch,  as  found 
the  chart  in  Fig.  4.  From  Table  4  it  is  evident  that  within 
range  of  Knoblauch's  experiments  his  results  give  smaller  amoi 
of  superheat  in  British  thermal  units  for  the  same  degree  of 
heat  than  do  Thomas'  experiments,  and  the  results  differ  more 
greater  the  degree  of  superheat.  The  difference,  however,  would 
be  so  great  if  we  accept  Thomas'  results  at  270  deg.  of  superl 
as  given  in  his  Fig.  9. 

17  Fig.  4  covers  the  entire  range  of  Knoblauch's  experimei 
In  the  part  of  our  chart  at  higher  pressures  where  values  have 
exterpolated   by  Knoblauch  from  his  experiments,  his  results 
also  in  general  smaller  than  Thomas'  by  like  amounts,  except  foi 
short  space  near  saturation,  where  some  of  Knoblauch's  very 
specific  heats  (over  0.6)  make  his  results  larger  than  Thomas' 
small  superheats  under  100. 

SUMMARY 

18  Professor  Thomas'  experiments  furnish  no  sufficient  ba 
for  the  conclusion  that  his  superheat  lines  are  anything  other  th 
straight  lines. 

19  Those  straight  lines  are  represented  within  the  limits  of 
perimental  error  by  the  equation, 

A  «  C-,  (d  +  34)  -  14.5 
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20  His  experiments,  therefore,  show  that  superheated  steam  may 
for  technical  purposes  be  regarded  as  a  kind  of  steam  gas  which 
has  a  different  constant  specific  heat  for  each  pressure. 

21  His  constant  specific  heats  vary  with  the  pressure  in  a  regulai 
manner  represented  by  the  curve  in  Fig.  1. 

22  The  specific  heat  lines  all  start  from  a  single  point  which 
may  be  called  the  absolute  origin  of  specific  heats. 

23  The  properties  of  superheated  steam  may  be  most  con- 
veniently tabulated  in  a  chart  in  which  the  state  of  the  steam  is  defined 
by  its  pressure  and  temperature  as  coordinates,  and  numbered  curves 
for  constant  values  of  each  of  the  other  properties  which  it  is  desired 
to  tabulate. 

24  It  would  seem  to  be  extremely  desirable  that  Professor  Thomas 
or  some  other  experimenter  should  introduce  a  throttling  calorimeter 
into  the  highly  perfected  Thomas  calorimeter  and  make  investiga- 
tions that  will  reconcile  the  results  reached  by  those  two  different 
methods.  Could  that  be  done  the  results  would  have  a  conclusive- 
ness now  unattainable.  By  doing  this  Professor  Thomas  would  add 
greatly  to  the  debt  the  profession  owes  him  for  the  exceedingly  valu- 
able researches  he  has  already  completed. 

Mr.  H.  H.  Suplee  Referring  to  the  question  of  steam  gas,  this 
matter  is  of  importance  in  connection  with  recent  investigations  into 
the  operation  of  gas  turbines,  or  rather  those  turbines  using  gases 
which  have  had  their  temperature  reduced  by  the  injection  of  water 
or  steam.  In  such  mixed  turbines  the  temperatures  are  so  high  that 
the  steam  is  superheated  to  an  extent  which  causes  it  to  become 
practical  y  steam-gas,  and  in  the  computations  relating  to  such  work 
it  is  especially  desirable  to  give  the  correct  specific  heat  of  the  mix- 
ture at  the  high  temperatures  of  operation. 

Prof.  William  D.  Ennis  Aside  from  any  question  as  to  the  rela- 
tive weights  to  be  assigned  the  Thomas  and  the  Knoblauch  and  Jakob 
experiments,  there  is  a  marked  agreement  within  a  certain  range, 
(as  Professor  Thomas  has  already  indicated),  within  which  it  is 
most  assuredly  safe  to  say  that  the  question  is  *' about  settled." 
The  Thomas  experiments  covered  pressures  from  7  lb.  to  500  lb.,  abs., 
with  superheat  ranging  from  zero  to  a  variable  upper  limit  (noted  on 
Pig.  6  and  7  of  the  description.  This  limit  was  in  one  series  of  tests, 
above  780  deg.  fahr.,  the  German  experiments  were  made  at  pressures 
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of  14.25,  28.5,  57.,  85.5  and  114.  lb.  abs.,  and  at  temperatures  rang- 
ing from  a  few  degrees  above  saturation  up  to  400  deg.  cent. 

2  Considering  only  the  ranges  included  by  both  observers,  we 
have  the  accompanying  table,  in  which  no  derived  values  are  given, 
but  only  those  actually  obtained  by  experiment.  The  italic  figures 
are  those  of  Thomas,  obtained  by  interpolation  from  his  Fig.  6; 
those  in  ordinary  type  are  given  by  Professor  Greene,  Transactions, 
Vol.  29;  from  the  Knoblauch  and  Jakob  report.  From  temperatures 
392  to  608,  inclusive,  the  difference  in  the  specific  heats  as  inde- 
pendently determined  does  not  exceed  0.01  B.t.u.  excepting  in  the  five 
cases  double-bracketed;  and  in  these  five  cases  the  maximum  disa- 
greement does  not  exceed  0.013  B.t.u. 


.PiV^ 


Fig.  1    For  Demonstration  op  Rankine's  Theorem 

3  The  heavy  black  lines  indicating  the  range  of  what  may  be 
called  the  **  close  agreement  zone''  broaden  out  toward  the  right, 
the  region  of  higher  pressures,  in  which  Professor  Thomas'  are  the 
only  explorations.  The  high  temperature  determinations  along  the 
114  lb.  pressure  column  show  a  constantly  increasing  amount  of 
divergence  between  the  two  sets  of  experiments.  Equally  remarkable 
is  the  steady  increase  in  amount  of  divergence,  along  each  pressure 
column,  as  the  temperature  is  decreased.  It  seems  reasonable  to 
assume  that  the  limits  of  accuracy  in  experiments  of  this  kind  would 
lead  to  just  such  results.  At  low  temperatures,  the  quantity  of  heat 
measured  is  small,  and  more  opportunity  exists  for  errors  in  calibration 
and  correction,  while  the  value  of  the  constant  is  known  to  be  excessively 
variable  as  we  approach  the  condition  of  saturation;  at  high  tempera- 
tures the  radiation  losses  are  greater.      In  some  intermediate  region 
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of  temperature,  the  aggregate  of  the  causes  of  error  falls  to  a  mini- 
mum. 

4  Why,  however,  should  the  coincidence  between  the  two  deter- 
minations broaden  out  with  increasing  pressure?  The  answer  is 
obvious,  that  if  determinations  at  higher  temperatures  and  under 
pressures  below  114  lb.  had  been  made  by  Professor  Thomas,  there  is 
no  reason  to  believe  that  the  heavy  black  line  marking  the  limits  of 
close  convergence  would  not  have  been  horizontal  along  the  bottom, 
as  it  is  along  the  top.  In  fact,  exterpolation  of  points  on  the  uniform 
curves  by  Professor  Thomas  gave  a  very  nearly  horizontal  line, 
dropping  only  18  deg.  in  temperature  at  85.5  lb.  pressure,  and  18  deg. 
more  at  114  lb. 

5  Outside  the  limits  of  this  agreement,  we  have  two  courses 
before  us:  either  the  assignment  of  prior  merit  to  one  or  other  of  the 
determinations,  or  an  interpretative  harmonizing  such  as  Professor 
Heck  presents.  On  a  matter  which  permits  of  direct  experimental 
determination,  it  would  seem  best  to  base  any  final  tabulation  on 
the  experiments.  Professor  Heck  shows  clearly  the  regions  in  which 
confirmatory  tests  are  desirable.  The  searching  analysis  to  which 
he  submits  the  few  results  obtained  near  those  regions  may  corrobor- 
ate, but  it  cannot  replace,  observation. 

6  There  is  possibly  a  chance  of  confusion  in  the  use  of  the '  'true' '  and 
"mean"  values  of  the  specific  heat.     In  the  expression  for  entropy. 


/->T, 

I  dH 


*=   I   ..    -Cplog, 


the  value  of  C^  must  be  the  mean  for  a  temperature  range  of  T^  to  Tj. 
7  In  Professor  Thomas'  Fig.  20  (Transactions,  Vol.  29)  the 
total  heat  in  superheated  steam,  calculated  from  his  experiments, 
is  shown  not  to  be  independent  of  the  pressure,  but  to  depend  on  the 
pressure  less  directly  than  does  that  of  saturated  steam.  At  high 
values,  the  total  heat,  while  the  temperature  remains  constant, 
decreases  with  decrease  of  pressure  for  a  time,  and  then  increases  with 
decrease  of  pressure.  At  low  values,  the  total  heat  continually 
increases  as  the  pressure  decreases,  the  temperature  remaining  con- 
stant. Above  1320  B.t.u.,  there  is  a  definite  limited  fange  of  pres- 
sures throughout  which  the  total  heat  remains  constant  at  a  constant 
temperature,  regardless  of  the  pressure.  While  the  breadth  of  this 
pressure  zone  does  not  increase  as  the  temperature  is  increased,  the 
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TABLE  1     VALUES  OF  THE  SPECIFIC  HEAT  OF  SUPERHEATED  STEAM 


Pressure,  lb.  per 
aq.  in , 

14.25 

1 
1 
28.5                      57           1           85.5 

114  • 

Temperature     of 
saturated  tteam 

210 

248           !           289 

316 

336 

Temperature, 
(leir.  falir. 


TRUB  BPKCiriC  H£AT8  AT  TEMPERATURES  STATED 


0.582 
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TABLE  I     VALUES  OF  THE  SPECIFIC  HEAT  OF  SUPERHEATED  STEAM— Con Unued 


Preesure.  lb.  i>er 
tq.  m 


Temperature  of 
saturated  steam 


Temperature, 
deg.  fabr. 


14.25 


28.5 


67 


85.5 


114 


210 


248 


289 


310 


336 


TRUE   BPECinO    BEATS    AT  TEMPERATURES  STATED 


028. 
644. 

662. 


Ill: 


499 

0.501 
O.47S 


716. 


734. 


752. 


[0.503 

fO.506 
\0.474 
f0.509 
[0473 
[0.512 

[0.515 
[0.499 

f0.519 

[0.468 


average  departure  of  the  total  heat  from  the  mean  value,  at  any 
temperature,  while  the  temperature  varies,  appears  to  grow  continu- 
ally less.  To  this  extent,  Rankine's  theorem  that  the  total  heat  is 
independent  of  the  pressure  would  seem  to  be  confirmed.  Rankine's 
argument  rests  upon  several  assumptions,  however,  mainly  with 
regard  to  the  constants  used.  The  development  is  as  follows:  In 
Fig.  1,  ab  represents  the  evaporation  of  water  from  a  to  dry  steam  at 
^  J  ^^^Pi^i  represents  superheating  to  temperature  T,;  piVi—pji;,  isother- 
mal expansion,  P2^2~^>  cooling  and  condensation  at  pjj  co  the  heating 
of  the  water  from  c  to  a.  If  /f  j  =  the  total  heat  absorbed  along  cab-p^Vi ; 
and  //j  the  total  heat  rejected  along  7)3^2  ""^Z  ^^  have 


ffi  H-  cT,  log,  ^-L^H,=  p,v,  -  p,v,  +  cT,  log,  ''^ 


and  since 


That  is,  the  total  heat  at  PiV^  is  the  same  as  that  at  pjVjJ  or  in  other 
words  depends  on  the  temperature  only,  and  not  on  the  pressure. 
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The  assumptions  are,  that  superheated  steam  is  a  perfect  gas,  follow- 
ing the  law  PiVi  «=  pjV,  «=  cT,  and  that  the  mechanical  work  done 
during  the  heating  of  the  water  along  ca  may  be  neglected.  The 
latter  assumption  may  be  waived;  but  the  law  of  expansion  of  super- 
heated steam  is  at  least  doubtful.  It  certainly  diverges  far  from  that 
of  a  perfect  gas  when  near  saturation. 

8  The  analysis  indicates  the  necessity  for  an  accurate  table  of  the 
volumes  of  superheated  steam  at  various  pressures  and  temperatures. 
Most  practical  problems  involving  superheat  also  involve  the  use  of 
figures  for  specific  volume.  This  problem  and  that  of  the  specific 
heat,  belong  together.  When  both  questions  are  finally  settled,  I 
hope  Professor  Heck  will  give  us  a  table  of  entropies,  specific  heats, 
total  heats,  and  volumes  that  can  be  used  along  with  the  saturated 
steam  table  and  will  be  at  least  as  accurate. 

Dr.  Harvey  N.  Davis*  Professor  Heck  is  undoubtedly  right  in 
selecting,  from  a  confused  literature,  the  papers  of  Knoblauch  and 
Jakob  and  of  Thomas  as  most  worthy  of  consideration,  and  fortu- 
nately there  is  substantial  agreement  between  them  in  the  region  of 
moderate  superheat,  even  though  their  curves  look  so  different  that 
one  is  liable  to  be  deceived  on  this  point. 

2  Nevertheless,  as  Professor  Heck  has  pointed  out,  there  are  three 
respects  in  which  Knoblauch  and  Thomas  are  in  serious  disagreement. 
First,  Thomas'  values  at  low  pressures  run  very  much  higher  close 
to  saturation  than  do  Knoblauch's.  Second,  Thomas'  values  at 
high  pressures  run  lower  close  to  saturation  than  Knoblauch's.  And 
third,  Thomas'  curves  do  not  pass  a  minimum  in  the  region  of  high 
superheat  and  rise  again  as  Knoblauch  and  others  believe  they  should. 
Professor  Heck's  discussion  of  the  last  of  these  points  of  disagreement 
is  particularly  satisfactory,  including  his  conclusion  that  Knoblauch's 
curves  rise  rather  too  rapidly.  The  second  will  be  referred  to  later  in  a 
paper  on  the  total  heat  of  saturated  steam  to  be  presented  to  this  Society 
at  its  December  meeting.  It  will  there  be  shown  that  what  little 
evidence  there  is  seems  to  be  with  Knoblauch  against  Thomas.  The 
discussion  in  this  note  will  be  confined  to  the  first  of  the  three  mat- 
ters, the  contention  being  that  here  also  Professor  Heck  should  have 
decided  with  Knoblauch  against  Thomas. 

3  The  point  at  issue  is  whether  or  not  the  fundamental  curve  at  15 

*  Dr.  Harvey  N.  Davis,  Instructor  in  Physics  and  Mathematics,  Harvard 
University. 
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lb.,  and  those  near  it,  should  swoop  suddenly  to  a  considerable  height 
close  to  the  saturation  line  as  do  Thomas'.  Professor  Heck  believes 
that  they  should,  and  forces  through  Knoblauch's  experimental  points 
curves  which  are  as  nearly  like  Thomas'  in  shape  as  possible. 

4  Similariy  sudden  changes  in  various  properties  of  superheated 
steam  close  to  the  saturation  line  have  been  reported  several  times 
before.  For  instance,  Grindley  found  something  exactly  similar 
in  his  wire-drawing  experiments,  and  so  did  Battelli  and  also  Ramsay 
and  Young  in  their  volume  measurements;  and  in  every  case  of  this 
sort,  the  trouble  has  invariably  been  traced  to  unevaporated  water 
floating  in  very  minute. drops  in  apparently  superheated  steam.  The 
form  which  the  explanation  takes  in  this  particular  case  is  simple. 
Thomas  starts  with  admittedly  wet  steam,  and,  in  a  preliminary 
experiment,  undertakes  to  dry  it  without  any  superheating.  He 
believes  that  he  can  tell  exactly  when  this  has  been  accomplished 
by  watching  for  the  first  jump  in  his  thermo-couple  temperature,  and 
justifies  this  belief  by  certain  control  measurements,  not  described, 
of  the  quality  of  his  steam,  which  measurements  would  presumably  be 
carried  out  in  a  second  calorimeter  at  some  distance  from  the  thermo- 
couple. Every  bit  of  experience  hitherto  reported  by  careful  ob- 
ser\'ers  would  lead  one  to  expect  that  that  part  of  his  mixture  which 
is  already  evaporated  would  begin  to  superheat,  and  the  thermo- 
couple to  jump,  before  the  last  traces  of  entrained  water  had  disap- 
peared; and  further  that  evaporation  would  proceed  at  the  expense  of 
the  heat  in  the  steam  while  the  mixture  was  passing  to  the  place  where 
it  was  to  be  examined,  so  that  this  examination  might  wholly  fail  to 
detect  the  wetness  of  the  steam  as  it  was  passing  the  thermo-couple. 

5  Knoblauch  and  Jakob  made  a  careful  study  of  this  very  point 
in  their  electrical  preheater,  and  found  experimental  proof  that  water 
could  be  held  in  suspension  in  very  highly  superheated  steam,  and 
that  for  the  process  of  evaporation  time  and  thorough  mixing  were 
essential,  as  well  as  heat.  Their  apparatus  provided  for  this  pur- 
pose a  complicated  grid  of  wires  completely  filling  a  pipe  nearly  8  in. 
in  diameter  and  about  8i  ft.  long,  with  elaborate  arrangements  for 
keeping  track  of  the  distribution  of  temperature  through  both  the 
length  and  the  breadth  of  the  pipe.  They  state  that  traces  of 
entramed  water  were  observable  through  several  sections  of  this  pipe, 
and  even  if  "several"  means  as  few  as  two,  and  even  if  it  be  assumed 
that  the  steam  in  these  sections  had  always  a  specific  volume  as 
great  as  that  of  the  still  more  highly  superheated  steam  in  the  calori- 
meter, it  is  easy  to  compute  that  the  wetness  in  their  steam  persisted 
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for  a  time  which  was  never  less  than  a  second  and  averaged  more  than 
two  seconds,  and  this,  too,  after  aU  of  the  heat  necessary  for  the  high 
superheat  had  been  put  in. 

6  In  Thomas'  apparatus,  on  the  other  hand,  all  the  evaporation 
there  was  had  to  take  place  in  24  quarter-inch  holes  in  a  soapstone 
block,  something  like  5  in.  long,  and  in  a  small  chamber  just  above  it, 
and  a  similar  computation  shows  that  even  if  the  specific  volume  of 
the  steam  was  never  greater  than  when  saturated,  it  must  have  parsed 
the  thermo-couple,  always  within  nine- tenths  of  a  second,  some- 
times within  a  thirtieth  of  a  second,  and  on  the  average  within  less 
than  half  a  second  of  the  time  when  the  first  of  the  superheating  heat 
was  put  in.  It  would.,  therefore,  have  been  extraordinary  if  Thomas 
had  not  found  exactly  the  apparent  swoop  which  he  did,  and  I 
believe  that  this  swoop  is  wholly  due  to  moisture  in  suspension. 
Professor  Reeve  has  come  to  the  same  conclusion  by  different  reason- 
ing in  a  recent  number  of  Power. 

7  If  this  contention  that  Thomas  had  wet  steam  in  his  saturation 
tests  is  justified,  his  data  should  evidently  be  recomputed,  leaving 
the  saturation  tests  out  of  account  altogether,  as  was  suggested  by 
Reeve  in  Power.  This  makes  unavailable  several  other  tests,  such 
as  those  from  No.  80  on,  there  being  nothing  with  which  to  compare 
them.  The  remaining  59  tests  have  been  grouped  in  pairs  in  the 
usual  way;  thus,  when  there  were  four  points,  the  first  was  taken 
with  the  third  and  the  second  with  the  fourth,  and  so  in  general.  The 
results  of  such  a  recomputation  are  given  in  the  following  table. 

8  This  table  shows  two  things.  In  the  first  place,  none  of  the 
31  values  are  near  enough  to  the  saturation  line  or  far  enough  apart 
to  give  any  information  whatever  about  that  line  at  any  pressure, 
and  the  actual  curve  which  Thomas  draws  becomes  nothing  more 
than  a  sheer  guess,  than  which  even  Knoblauch's  tremendous  extra- 
trapolation — which  is  at  least  a  rational  guess — is  preferable.  In 
the  second  place  practically  all  of  the  31  values  fit  Knoblauch's  curves 
within  their  limit  of  error.  As  the  last  column  of  Table  1  shows, 
Thomas'  values  average  only  about  2J  per  cent  higher  than  Knob- 
lauch's curves.  It  should  be  noticed  that  the  direction  of  this  deviation 
is  that  which  one  would  expect  on  the  wet  steam  theory,  for  it  is 
probable  that  not  only  the  saturation  tests  but  all  those  at  low  super- 
heats would  be  affected  by  this  source  of  error,  the  amount  of  wetness 
present  diminishing  with  increasing  superheat.  It  would  follow 
that  Cp  would  run  too  high,  and  this  is  just  what  it  seems  to  do. 
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SUMMARY 


9    (a)  Thomas  almost  certainly  had  wet  steam  in  his  saturation 
tests  and  possibly  in  many  of  his  other  tests;  (6)  if  his  data  are  recom- 

TABLE  1    COMPARISON  OF  RECOMPUTED  THOMAS*  VALUES  OF  Cp   WITH 
KNOBLAUCH'S  VALUES 


Tests 


Saturated         Average      |  i 

Pressure       temperature   Temperature  |  Cp  Thomas  | 
'Degrees  fahr.    Degrees  fahr.: 


Cp   Knob- 
lauch 


Difference 
Per  cent 


5-2 
6-3 
7-4 

7 

177 

266 
302 
365 

0.468 
0.470 
0.472 

12-9 

13-10 

14-11 

20 

228 

318 
354 
417 

0.478 
0.474 
0.476 

18-16 
1M7 
22-20 

36 

259 

331 
367 

484 

0.502 
0.474 
0.478 

27-24 
28-25 
29-26 

55 

287 

377 
413 
476 

0.506 
0.493 
0.482 

34-31 
35-32 
36-33 

75 

308 

397 
433 
496 

0.612 
0.508 
0.496 

42-40 
43^1 
44-42 

115 

338 

446 

482 
645 

0.627 
0.631 
0.491 

48-47 
51-49 
52-60 

165 

366 

419 
609 
572 

0.659 
0.636 
0.482 

57-54 
58-55 
59-56 

215 

388 

478 
514 
576 

0.650 
0.656 
0.512 

83-61 
W-62 
65-63 

300 

417 

489 
525 
661 

0.669 
0.664 
0.660 

75-72 
74-73 
79-77 
79-78 

500 

467 

622 
622 
676 
693 

0.607 
0.626 
0.631 
0.612 

0.462 
0.463 
0.464 

0.472 
0.471 
0.471 

0.483 
0.480 
0.476 

0.493 
0.488 
0.483 

0.603 
0.496 
0.487 

0.610 
0.600 
0.489 

0.562 
0.604 
0.494 

0.632 
0.613 
0.600 

0.656 
0.621 
0.610 

0.624 
0.624 
0.613 
0.611 


-f-1.3 
-1-1.6 
-1-1.7 

-1-1.2 

-1-0.6 

' -1-1.1 

+  3.9 
-1.2 
+0A 

-1-2.6 
-1-1.0 
-0.2 

-1-1.8 
-l-2.'6 
-1-1.6 

+3.3 
+6.2 
+  0.4 

-0.6 
+  6.1 
-2.4 

+3.4 
+  8.2 
+  2.4 

+0.7 
+  6.3 

+  7.8 

-2.7 
+  0.2 
+3.5 
+  0.2 


puted  in  such  a  way  as  to  minimize  this  source  of  error,  the  remaining 
points  give  no  evidence  whatever  as  to  the  shape  of  the  saturation 
^e,  and  very  little  as  to  the  shape  of  any  of  the  lines  in  the  usual  Cp 
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diagram;  (c)  on  the  other  hand,  regarded  as  isolated  points,  they 
agree  surprisingly  well  with  Knoblauch's  extrapolated  curves,  even 
at  the  high  pressures;  and  (d),  their  deviations  from  these  curves 
are  almost  all  in  the  direction  which  the  wet  steam  theory  predicts; 
therefore,  (e)  it  is  unwise,  at  the  present  time  to  attempt  to  replace 
Knoblauch's  values  of  C^  as  originally  published  by  Thomas'  values, 
or  by  any  compromise  based  on  Thomas'  values;  and  (/),  the  only 
modification  of  Knoblauch's  values  that  can  be  made  with  any  cer- 
tainty is  that  which  Professor  Heck  suggests  in  the  region  of  very 
high  superheats. 

Prof.  C.  C.  Thomas  A  new  series  of  experiments  upon  the  specific 
heat  of  superheated  steam  is  now  in  progress  under  the  writer's 
direction  at  the  University  of  Wisconsin,  and  it  is  expected  that  the 
results  of  these  experiments  will  throw  important  light  upon  the 
question  of  the  relative  accuracy  of  the  investigations  already  com- 
pleted. The  present  experiments  are  being  made  by  an  entirely 
different  method  from  that  employed  heretofore,  and  under  conditions 
thought  to  be  especially  favorable  to  obtaining  exceedingly  accurate 
results.  The  writer  hopes  to  be  able  to  present  these  further  results 
as  soon  as  the  experiments  are  completed  and  worked  up. 

The  Author  The  useful  end  finally  sought  in  a  discussion  of 
this  subject  must  be,  not  the  instantaneous  specific  heat  Cp,  but  the 
quantity  of  heat  h  needed  to  raise  the  steam  from  the  satiu'ation 
temperature  to  some  higher  temperature  t.  Obviously,  an  exact 
location  (thermally)  of  the  zero  or  starting-point  of  this  operation  is 
essential.  This  starting-point  of  superheat  is  also  the  terminus  of 
another  most  important  operation,  that  of  evaporation.  Nothing 
has  been  made  clearer  by  recent  experiment  than  the  fact  that  the 
state  of  dry  saturation  is  exceedingly  elusive,  and  very  hard  to  pro- 
duce or  to  maintain  in  a  body  of  steam. 

2  Professor  Thomas  used  in  his  calorimeter  a  small  current  of 
steam,  broken  into  very  thin  streams  where  it  passed  over  the  heating 
surface  of  the  wire  coils.  While  the  action  observed  in  the  super- 
heating section  of  the  apparatus  of  Knoblauch  and  Jakob  raises  seri- 
ous doubts  as  to  whether  Thomas  really  secured  homogeneous  dry 
steam  to  which  to  add  his  measured  superheat,  nevertheless  the 
writer  is  much  inclined  to  believe  that  Dr.  Davis  has  over-estimated 
the  magnitude  of  the  error  involved.  It  will  be  noted,  however,  that 
the  final  ciu*ves  in  Fig.  6  of  the  paper  fully  embody  the  idea  that 
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Thomas  was  charging  too  much  energy  to  the  early  part  of  the  super- 
heating process. 

3  Even  if  the  writer  erred  in  following  Thomas  [in  [making  the 
curves  ofc^ont  sweep  upward  toward  saturation,  the  amount  of  this 
error  is  small.  As  a  concrete  case,  consider  the  first  line  of  Table  1, 
for  1  lb.  absolute  pressure.  In  the  accompanying  tabulation,  the 
first  line  t^  is  degrees  of  superheat;  the  second  is  c,  from  the  table; 
the  third  line  c'  is  from  an  assumed  curve  which  sweeps  in  to  satura- 
tion without  rise;  Jh,  in  the  fourth,  is  the  difference  in  the  heat  A, 

TABLE  1 

t,  =  0.  10.  20.0  40.0  60.0  80.0 

c  =  0.513  0.475  0.465  0.457  0.454  0.453 

e  =  0.450  0.450  0.451  0.451  0.452  0.452 

dk  =>  0.44  0.20  0.20  0.08  0.03 

over  one  interval,  due  to  the  diflference  between  c  and  c\  Adding  up 
these  values  of  Jh,  we  have  a  total  of  0.95,  or  say  one  B.t.u.  If 
chargeable  to  that  cause,  this  would  represent  the  eflfect  of  xV  of  1 
per  cent  of  entrained  moisture.  Of  course  there  is  uncertainty  here, 
and  we  need  more  precise  information;  but  this  small  possible  error 
in  the  superheat,  measured  from  saturation,  is  certainly  far  less  than 
the  probable  error  in  Regnault's  value  of  the  total  heat,  measured  to 
that  same  "point'*  of  saturation. 

4  Knoblauch  and  Jakob  made  no  attempt  to  go  back  to  zero  super- 
heat experimentally.  The  extension  of  their  curves  to  this  limit  is 
extrapolation,  pure  and  simple,  even  though  made  with  the  best 
judgment.  The  writer  cannot,  however,  accept  the  dictum  that  Cp 
must  rise  to  infinity  at  the  critical  temperature,  no  matter  what  the 
mathematical  deductipn  on  which  this  idea  is  based.  In  the  past 
much  mental  energy  and  ingenuity  have  been  wasted  in  the  effort  to 
^ply  the  general  mathematical  theory  of  thermodynamics  to  this 
subject  of  superheated  steam,  with  an  entirely  insufficient  basis  of 
special  and  exact  physical  knowledge;  nor  has  any  such  basis  been 
established  up  to  this  time.  The  relation  Cp  =  oo  belongs  to  the 
evaporation  process:  it  means  that  heat  can  be  imparted  under  con- 
stant pressure  without  raising  temperature.  Consideration  of  the 
writer's  Fig.  3  ought  to  convince  anyone  of  the  impossibility  of  such 
action  taking  place  anywhere  to  the  right  of  the  saturation  line  BCD. 
If  the  initial  Cp  need  not^thus  rise  to  infinity  at  689  deg.  fahr.,  it  is 
perfectly  permissible  to  decide  that  Knoblauch  and  Jakob  may  have 


Digitized  by  VjOOQIC 


320  THE  THERMAL  PROPERTIES  OF  SUPERHEATED  STEAM 

17,  can  meet  and  start  at  any  other  point  than  the  origin  of  the  sys- 
tem of  coordinates  used.  What  Thomas  did  was  to  find,  as  accu- 
rately as  he  could,  the  point  where  any  further  addition  of  heat  to 
steam  originally  slightly  moist  just  began  to  raise  the  temperature: 
then  from  this  point  as  zero  he  began  to  measure  the  superheat  h. 
Whether  he  succeeded  in  getting  precise  and  entirely  reliable  results 
is  another  matter;  but  curves  logically  representing  such  experiments 
must  come  to  the  origin.  It  is  not  well  to  wrench  experimental 
results  into  conformity  with  a  preconceived  rigid  assumption,  of 
which  the  especial  merit  is  the  possibility  of  expressing  it  by  a  simple 
mathematical  formula.  It  would  be  very  difficult  to  build  a  physical 
concept  about  the  idea  of  some  other  "origin  of  superheat'*  than  the 
zero-point. 

6  The  presentation  of  further  experimental  data  in  regard  to 
superheated  steam  will  be  looked  for  with  great  interest:  but  what 
we  now  need  is  a  thorough  review  of  the  properties*  of  saturated 
steam.  At  present,  our  knowledge  of  the  heat  required  above 
saturation  is  probably  more  accurate  than  what  we  know  about 
saturated  steam. 
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A  RATIONAL  METHOD  OF  CHECKING  CONICAL 
PISTONS  FOR  STRESS 

By  Prof.  Gbobqb  H.  Shbpard,  Stracusb,  N.  Y. 
Member  of  the  Society 

The  following  is  the  notation  used: 

A  s  the  area  of  section,  by  an  axial  plane  of  the  piston,  of  the 
volume  under  pressure;  that  is,  in  Fig.  1,  A  equals  twice 
the  area  b  cej, 

a  s  the  area  of  the  section  of  the  material  of  the  piston  by  a  nor- 
mal cone,  at  the  point  where  the  stress  is  calculate.  In 
Fig.  1,  e  A  is  the  trace  of  the  normal  cone. 

/  » the  stress,  along  the  slant  height  of  the  cone,  at  any  point. 
For  example,  in  Fig.  1,  /  is  the  tensile  stress,  in  the  line 
e  c,  at  e,  or  the  parallel  compressive  stress  at  h. 

M  -  the  moment  of  resistance  to  bending  of  a  section  of  the  mate- 
rial of  the  piston  by  a  normal  cone. 

p  =  the  maximum  unbalanced  pressure  on  the  piston  per  imit  of 
area. 

R  =  the  resultant,  per  imit  of  circumference  of  radius  r,  (Fig.  1) 
of  the  resistance  of  the  cone  to  spreading  or  collapsing. 

r    =  the  outside  radius  of  the  piston  (Fig.  1). 

i^i  "  the  radius  from  the  axis  of  the  piston  to  the  neutral  axis  of  a 
section  of  the  material  of  the  piston  by  a  normal  cone,  at 
the  point  where  the  stress  is  to  be  calculated  (Fig.  1). 

T}  a  the  radius  of  the  cross-section  of  the  volume  under  pressure 
by  the  plane  of  R  (Fig.  1). 

^1  » the  maximum  radius  of  the  conical  part  of  the  piston. 

8  a  the  total  pressure  on  the  piston,  perpendicular  to  any  axial 
plane.  For  example,  in  Fig.  1,  Sia  the  total  pressure  per- 
pendicular to  the  plime  whose  trace  is  0  Z. 

Presented  at  the  Detroit  Meeting  (June  1908)  of  The  American  Society  of 
Hechioical  Engineers. 


Digitized  by  VjOOQIC 


322 


A  RATIONAL  METHOD   OF  CHECKING   CONICAL  PISTONS 


Pi 


»  the  thickness  of  the  material  of  the  piston  at  the  point  where 
the  stress  is  to  be  calculated. 

»  the  radius  of  any  point  on  the  surface  of  the  piston  about 
the  axis  of  the  piston  (Fig.  1). 

»  the  angle  between  that  axial  plane  of  the  piston,  which  is 
taken  as  the  plane  of  reference,  and  any  other  axial  plane 
(Fig.  I). 

«=  the  slant  height  of  the  cone,  on  the  side  under  the  larger  pres- 
sure, at  the  point  where  the  stress  is  to  be  calculated  (Fig.  1). 


PERSPECTIVE  VIEW 


FIG.  1     DIAGRAM  SHOWING  NOTATION 

p^  «  the  slant  height  of  the  whole  cone,  on  the  side  under  the 

larger  pressure  (Fig.  1). 
4>    —  the  angle  between  any  slant  height  of  the  cone  and  the  axis 

of  the  cone. 

2  Differences  of  form  prevent  the  deduction  of  a  perfectly  general 
formula,  but  the  method  explained  below  may  be  used  to  work  out 
the  stress  in  any  case. 

3  Considering  any  frustum  of  the  cone  between  the  base  and  the 
surface  of  a  normal  cone  whose  trace  is  6  A  (Fig.  1),  it  is  apparent 
that  it  is  acted  upon  by  the  following  forces: 
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a  The  total  unbalanced  pressure,  which  is  p  times  (area  of 
surface  of  frustum,  including  the  area  of  the  circumferen- 
tial flange). 

b  The  resistance  of  the  cone  to  spreading  or  collapsing. 
The  resultant  of  this  acts  in  that  plane,  perpendicular  to 

the  axis  of  the  cone,  of  which  R  in  Fig.  1  is  the  trace,  and  is  R 

per  unit  of  circumference  of  radius  r,,  the  value  of  r,  remaining 

to  be  found. 

c  The  shearing  |force  at  slant  height  p^,  along  the  section  by 
the  normal  cone. 

d  The  tension  and  compression  in  the  material,  at  slant  height 
Pi  perpendicular  to  the  section  by  the  normal  cone. 

4  Consider  as  a  free  body  an  elemental  sector,  formed  by  two 
axial  planes,  making  the  angle  d  0  with  each  other  |^(Fig.  1)  and  by 
the  normal  cone  whose  trace  is  e  A,  at  slant  height /o^. 

5  First  consider  the  piston  as  loaded  on  the  inside  of  the  cone,  as 
as  in  Fig.  1. 

Take  moments  about  the  neutral  axis  of  the  section  e  h. 

Then  for  equilibrium 

(Moment  of  pressure)  — 
(Moment  of  resistance  of  the  cone  to  spreading) 
(Moment  of  resistance  of  cross-section  e  h) 


'] 


Considering  an  elemental  area  on  the  surface  of  the  cone, 
Its  area  =  ydOdy  cosec  4>* 

The  pressure  normal  to  the  cone  per  unit  of  area  «=  p. 
Therefore  the  element  of  moment  =  p  cosec?  4>  {y—  r^)  ydydO 
and  the  moment  of  the  pressure  on  the  whole  cone 

2;: 
p  cosec^  4>  {y  -\)  ydydd 


Jn    Jo 


7    In  addition  to  this  there  is  the  moment  of  the  pressure  on  the 
circumferential  flange 


n2^ 
(2/-n)  ydydO 

^ V3      a       2         2/ 
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8  Therefore  the  whole  moment  of  the  pressure 

9  The  resistance  of  the  cone  to  spreading,  for  the  elemental  sector, 

10  The  component  of  this,  perpendicular  to  the  reference  plane, 
whose  trace  is  OX  (Fig.  1). 

-Br,  sine  dO 

11  If  the  cone  be  bisected  by  the  plane  of  OX,  the  component 
perpendicular  to  OX,  of  the  resistance  of  either  half  to  spreading 


-"'•i 


sinOdd 


=  2  fir, 

12  For  equilibrium  this  must  equal  the  total  pressure,  perpen- 
dicular to  the  axial  plane  whose  trace  is  OX,  which  is  equal  to  S, 

Then  5  -  pA 

and  2Br3i  =  p-4 

Therefore  «  «  -^ 

2rt 

13  Therefore  the  resistance  of  the  whole  cone  to  spreading,  which 
equals 

14  Considering  any  elemental  area  on  the  surface  of  the  cone,  it  is 
apparent  that,  if  it  is  in  a  condition  of  equilibrium,  the  imbalanced 
pressure  upon  it  in  a  direction  perpendicular  to  the  axis  of  the  cone, 
must  be  directly  and  exactly  counteracted  by  that  element  of  the 
resistance  of  the  cone  to  spreading  which  exists  over  that  area;  for, 
if  this  were  not  the  case,  there  would  result  an  immediate  deforma- 
tion of  the  elemental  surface  in  the  direction  of  yielding  to  the  greater 
of  these  two  forces;  but  this  is  inconsistent  with  the  assumed  equilib- 
rium. 

15  Therefore,  the  resultant  of  the  resistance  to  spreading  acts 
directly  opposite  to  the  resultant  of  the  pressure  perpendicular  to  the 
axis  of  the  cone;  and,  since  the  pressure  per  unit  of  area  is  uniform, 
its  resultant  acts  at  the  center  of  gravity  of  the  area  exposed  to 
pressure. 
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16  Since  the  exposed  area  of  the  elemental  sector  is  a  trapesoid, 
its  center  of  gravity  is  at  a  distance  from  the  neutral  axis  of  e  A  of 

-  .  ^1 — ^  —  pi  (very  approximately) 
Therefore  the  arm  of  22  (Fig.  1)  about  the  neutral  axis  of  e  A 

17  Therefore  the  moment  about  the  neutral  axis  of  e\,  of  the 
resistance  of  the  whole  cone  to  spreading 

\  3  ^,  +  /),  / 

18  Considering  the  resistance  of  the  cross  section  at  e  A  to  bending, 

2./       12.Af  ,  .      *  ,  X 

— i  —  (very  approxmiately) 

and 

19  Substituting  in  equation  [1], 


\3       /),  +  /t>,  /        J  fj 


P  [3] 


20  Equation  [3]  is  too  complicated  to  permit  of  direct  design  for 
dimensions;  but  the  piston  may  be  laid  out  by  trial,  guiding  one- 
self by  empirical  formulae,  and  the  stress  at  any  point  can  then  be 
calculated  by  equation  [3].     It  is  to  be  remembered  that,  if  the  interior 
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fonn  of  the  piston  is  different  from  that  shown  in  Fig.  1,  the  formula 
for  stress  must  be  deduced  for  the  actual  case  by  the  method  explained 
above.  Ordinarily  the  maximum  stress  will  occur  just  outside  the 
hub. 

21  It  appears  that  the  only  quantity  except  t  on  the  right  hand 
side  of  equation  [3]  that  is  affected  by  changing  t  is  r^,  and  this 
ra  but  slightly  affected,  so  that  /  varies  inversely  as  ?,  very  nearly. 
If,  therefore,  calculation  shows  an  unsatisfactory  value  of  /  at  any 
pomt,  t  may  be  varied  inversely  as  the  square  root  of  /  within  wide 
limits,  in  order  to  bring  the  stress  to  a  proper  value. 

22  By  the  above  method  the  stress,  with  pressure  inside,  was  cal- 
culated for  the  conical  pistons  of  the  United  States  torpedo-boat 
destroyer,  Truxtun,  with  the  results  shown  in  the  accompanying 
t&ble.  The  odd  decimals  in  dimension  result  from  scaling  as  nearly  as 
possible  from  drawings. 

23  The  thanks  of  the  writer  are  due  to  Prof.  C.  C.  Thomas  of 
Cornell  University  for  the  use  of  data  and  for  other  kind  assistance 
in  the  preparation  of  Table  1. 

24  Notwithstanding  the  differences  of  form,  material,  and  unbal- 
anced pressures,  of  the  three  pistons  checked,  they  show  factors  of 
safety  that  agree  fairly  well  at  corresponding  points.  The  minimum 
factor  of  safety  shown  in  each  case  is  also  about  what  would  be  ex- 
pected in  this  kind  of  work,  in  which  every  effort  is  made  to  reduce 
weight  to  a  minimum. 

25  In  the  above  discussion  the  pressure  has  been  taken  as  acting 
within  the  piston.  When  the  pressure  is  on  the  outside  of  the  piston, 
it  may  fail  by  buckling  as  well  as  ill  the  ways  considered  above;  but, 
in  any  practical  case,  the  ratio  of  depth  to  thickness  of  piston  will 
be  so  small  that  it  is  very  probable  that  the  piston  will  be  stronger 
against  buckling  than  against  the  ways  of  failure  above  discussed 
and  therefore  that  only  the  latter  need  be  considered.  Variations  in 
the  form  of  the  piston  will  affect  the  result  and  prevent  the  deduction 
of  a  general  formula ;  but  the  application  of  the  anal3n3is  above  employed 
will  enable  a  formula  to  be  deduced  for  any  particular  case. 

26  Strictly  there  is,  in  the  case  of  inside  pressure,  a  uniformly 
distributed  compression;  and,  in  the  case  of  outside  pressure,  a 
uniformly  distributed  tension,  over  the  section  by  the  normal  cone, 
which  should  be  calculated  and  used  to  modify  the  result  by  the 
loethod  above  discussed;  but  this  requires  no  explanation.  In  most 
CMes  this  (uniformly  distributed  stress  may  probably  be  neglected 
without  serious  error. 
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DISCUSSION 

Mr.  M.  Nusim^  Professor  Shepard  endeavors  to  arrive  at  a  rational 
solution  of  the  problem  of  the  stress  distribution  in  a  conical  piston 
without  the  aid  of  the  theory  of  elasticity  and  by  means  of  the  prin- 
ciples of  statics  alone.  He  considers  the  equilibrium  of  an  element 
of  the  conical  shaped  piston  cut  out  by  two  infinitely  near  meridian 
planes.  In  arriving  at  the  equation  of  equilibrium  of  such  an  ele- 
ment, the  couple  or  bending  moment  acting  on  any  meridian  section 
of  the  piston  is  not  taken  into  account. 

2  The  state  of  stress  in  a  conical  shaped  piston  subject  to  fluid 
pressure  can  be  specified  as  follows:  Consider  an  element  of  thepiston 
(see  Fig.  1)  cut  by  two  infinitely  near  planes  through  the  axis  of  the 


Fig.  1  Fig.  2 

Diagrams  Illustrating  Stress  in  Pistons 


Fig.  3 


cone  and  by  two  infinitely  near  planes  normal  to  the  slant  height  of 
the  cone  (plane  efcd)-  That  is,  an  element  of  the  cone  cut  by  a 
pair  of  principal  planes.  The  stress  on  the  face  cdefia  due  to  a  couple 
(or  bending  moment)  and  a  resultant  thrust.  (This  thrust  will  not 
be  normal  to  the  face  cdef  on  account  of  the  existence  of  a  shear). 
Similarly,  the  state  of  stress  on  the  face  abed  can  be  specified  by  a 
couple  and  a  resultant  thrust  normal  to  this  face.  In  general  both 
the  couple  and  thrust  on  this  meridian  section  will  vary  as  we  go 
along  the  slant  height.  The  resultant  thrust,  over  the  whole  section 
'Mr.  M.  Nusim,  Gene-al  Electric  (.'o.,  Schenectady,  N.  Y. 
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made  by  a  plane  through  the  axis  of  the  cone,  is  of  course  given  by 
the  product  of  the  fluid  pressure  and  projected  area  of  piston  subject 
to  tiiis  pressure. 

3  If  now  we  consider,  as  does  Professor  Shepard,  a  whole  element 
of  the  piston  cut  by  two  infinitely  near  meridian  planes  (see  Fig.  2), 
and  desire  to  find  the  stress  on  the  face  whose  trace  is  cd,  say,  we  should 
take  into  account  besides,  the  fluid  pressxire  over  the  element  abed. 

a  The  resultant  thrust  on  the  part  of  the  meridian  section 
between  b  and  d. 

b  The  resultant  couple  on  the  same  part  of  the  meridian  sec- 
tion; for  this  couple  has  a  component  acting  on  the  face 
whose  trace  is  cd.  It  is  this  couple  (bending  moment) 
that  Professor  Shepard  leaves  entirely  out  of  account  in 
writing  down  the  equation  of  equilibrium. 

4  To  bring  out  this  point  more  clearly,  consider  a  flat  piston,  Fig. 
3.  In  this  case  the  residtant  thrust  on  any  meridian  section  (or  what 
Professor  Shepard  calls  the  resistance  to  collapse)  vanishes,  while 
the  resultant  couple  over  the  same  section  has  a  definite  value. 

5  Suppose  we  desire  to  find  the  bending  moment  in  the  section 
whose  trace  is  bd.  It  is  evident  that  the  couple  on  the  faces  whose 
traces  are  cd  and  db  haVe  a  component  about  bd  which  cannot  be 
oe^eeted.  To  neglect  these  couples  (on  the  meridian  sections)  would 
mean  to  consider  instead  of  a  solid  disc,  one  that  is  cut  by  a  series 
of  radial  planes  up  to  the  circle  ebdf. 

6  The  rational  solution  of  the  stress  distribution  in  a  conical 
shaped  piston  cannot  be  obtained  by  means  of  the  principles  of 
statics  alone.  One  must  have  recouise  to  the  mathematical  theory 
of  elasticity,  otherwise  one  is  apt  to  arrive  at  an  approximation  only. 

The  Author  Mr.  Nusim's  discussion  shows  that  a  conical  piston  is 
somewhat  stronger  than  the  stress  would  indicate,  when  calculated  as 
explained  in  my  paper.  Mr.  Nusim  does  not  attempt  any  quantita- 
tive evaluation  of  this  additional  strength;  but  the  stresses  shown  by 
my  method  for  actual  pistons  in  successful  use  (see  Table  1)  render  it 
probable  that  the  method  gives  a  fairly  close  approximation  to  the 
true  value  of  the  stress.  Mr.  Nusim  shows  that  a  designer  would 
at  least  be  on  the  safe  side  in  using  the  method.  The  most  that  the 
author  would  claim  is  that  it  gives  the  designer  a  fairly  convenient 
means  of  assuring  himself  of  the  safety  of  any  conical  piston,  without 
being  obliged  to  rely  upon  empirical  methods. 
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A  JOURNAL  FRICTION  MEASURING  MACHINE 

Bt  Hbnrt  HbsSi  PHn«Aj>BiiPHiA,  Pa. 
Member  of  the  Society 

THB  PURPOSE  OF  THE  MACHINE 

This  machine  was  devised  primarily  to  try  out  ball  bearings  by 
nmning  them  under  various  loads  and  speeds;  the  loads  being  applied 
dther  radially  (normal  to  the  shaft  axis),  azially  (parallel  to  the  shaft 
axis-thrust),  or  both  simultaneously. 

2  As  it  was  desirable  to  note  the  behavior  of  the  bearing  through- 
out a  test,  some  measure  of  its  quality  was  necessary.  A  ball  bearing 
or,  for  that  matter,  any  bearing,  must  be  capable  of  carrying  its  load 
without  failure,  and  incidentally  should  waste  the  smallest  possible 
energy  in  friction. 

3  Themeasuresof  bearing  quality  would  therefore  be  a,  carrying 
capacity,  and  b,  f rictional  resistance. 

4  This  machine  is  capable  of  applying  radial  loads  up  to  a  max- 
imum of  15  000  pounds,  and  thrust  loads  up  to  a  maximiun  of  10  500 
pounds  under  rotative  speeds  ranging  from  150  to  2500  revolutions 
per  minute.  It  is  capable  of  measuring  the  coefficient  of  friction  when 
radial  load  only  is  applied,  when  thrust  load  only  is  applied,  and 
when  both  radial  and  thrust.load  in  any  relative  amount  are  applied. 

5  The  scheme  of  the  machine  is  very  simple,  as  is  apparent  from 
the  skeleton  diagrams,  Fig.  1  and  2. 

6  The  bearing  A  to  be  tested  is  mounted  at  the  forward  end  of 
a  shaft  that  is  rotated  by  a  reversible  motor.  The  bearing  box  is 
held  in  an  embracing  strap  AB  which  is  hinged  to  the  rod  BC.  The 
upper  end  of  rod  BC  is  connected  to  a  system  of  weighing  levers 
typified  in  the  diagrams  by  a  single  beam  CE  with  its  weight  Q. 

7  So  long  as  the  bearing  is  at  rest,  the  line  from  the  center  of  the 
bearing  A  to  the  hinge  of  the  strap,  and  from  this  hinge  to  the  weigh- 
ing beam  attachment  C  will  form  a  continuous  straight  line  AC. 

Presented  at  the  Detroit  Meeting  (June  1908)  of  The  American  Society  of 
Mechanical  Envineen. 
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Rotating  the  bearing  in  the  direction  of  the  arrow  will  deflect  the 
strap  AB  and  rod  BC  as  shown  in  Fig.  2.  The  journal  friction  is 
the  deflecting  force  and  is  balanced  by  the  weight  Q  acting  through 
the  weighing  beam.  The  deflection  of  AB  and  BC  from  the  straight 
line  is  a  measure  of  the  deflecting  force;  that  is,  of  the  journal  friction. 


c^ 


p'^ 


^^ 


ZZ^ 


3. 


FiQ.  1  Fig.  2 

Diagrams  of  Radial  Friction  Measuring  Abrangbment 

8  The  arrangement  for  applying  thrust  load  is  shown  in  skeleton 
diagram  in  Fig.  3.  The  bearing  A  is  carried  as  before  at  the  end  of  a 
shaft,  through  whose  bore  a  wire  G  is  passed;  the  forward  end  of  this 


Fig.  3   Skeleton  of  Thrust  Friction  Measuring  Arranoement 

wire  carries  a  yoke  F  that  rests  against  the  outer  race  of  the  bearing 
so  that  the  load  pulUng  on  the  wire  through  a  system  of  weighing 
levers  puts  a  thrust  load  on  the  bearing.  A  delicate  balance  with 
pointer  and  weight  pans  is  attached  to  the  yoke.    The  journal  friction 
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tends  to  rotate  the  yoke  and  twist  the  wire  until  the  latter's  tor- 
sional resistance  balances  the  friction.    Restoring  the  balance  by 
weights  in  the  high  pan  measures  the  friction  directly. 
9    When  the  journal  is  submitted  to  combined  radial  and  thrust 


FiQ.  4  Machine  Arranged  to  Measure  the  FrictionJof  a  Radially 
Loaded  Bearinq 

loads  the  radial  load  is  applied  as  above  by  the  weight  *Q,'Fig.jJl,  act- 
ing through  the  rod  BC;  and  the  thrust  load  by  the  weight  W,  Rg.  3, 
acting  through  the  wire  G.    The  total  friction  due  to  the  combined 
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load  is  then  measured  by  determining  the  deflection  of  the  strap  AB 
and  rod  BC  of  Fig.  1.  As  will  be  explained  later,  a  correction  is  made 
for  the  torsional  resistance  of  the  thrust-applying  wire,  as  this  afifects 
slightly  the  amoimt  of  deflection  oi  AB  and  BC. 

THE    ACTUAL   MACHINB 

10    Fig.  4  is  a  photographic  view  showing  the  machine  arranged  for 


Fig.  5  Machine  Arranged  to  Measure  the  Friction  of  a  Thrust 
Loaded  Bearing 

testing  a  bearing  under  radial  load  only.  Fig.  5  shows  it  for  thrust 
load  only.  Fig.  6  shows  front  and  side  views  of  the  machine,  in  which 
the  arrangement  of  the  weighing  levers  is  indicated. 

1 1     The  machine  has  a  spindle,  Fig.  7,  of  large  size  compared  with 
the  loads  to  be  carried,  mounted  on  heavy  ball  bearings  and  driven  by 
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belt  from  an  interpolar  variable  speed  motor  whose  range  is  increased 
by  an  exchange  of  pulleys.  The  front  end  of  the  spindle  is  bored  out 
to  receive  s  taper  arbor  of  which  a  number  are  provided  to  suit  the 
various  bearings  to  be  tested.  The  inner  race  of  the  test  bearing  is 
mounted  on  the  overhanging  nose  of  this  taper  arbor,  while  the  outer 
riace  is  carried  in  the  yoke  suspended  from  the.  rod  connected  to  the 
loading  beams.  The  rod  itself  is  made  of  two  pieces  connected  by  a 
differentially  threaded  turnbuckle.  The  system  of  weighing  levers, 
clearly  shown  in  the  illustrations,  pulls  upward  on  the  bearing  and  so 
loads  it.    With  the  bearing  in  place  and  the  proper  weights  hung,  the 


FiQ.  7    Section  of  Spindle;  Bearings  to  be  Tested  are  Mounted  on 

Arbor  at  Left 

turnbuckle  is  adjusted  until  the  index  in  the  right-hand  end  of  the 
long  top-beam  lines  up  with  the  mark  showing  that  all  is  in  proper  bal- 
ance. The  bearings  which  support  the  spindle  are  sufficient  to  allow 
radial  loads  of  15  000  pounds  and  thrust  loads  of  10  500  pounds. 
The  regular  working  of  the  machine  entails  a  severe  trying  out  of  these 
bearings.  The  combination  of  a  load  of  15  000  pounds  and  the  high 
speeds  employed  is  particularly  trying. 

12    A  microscope  with  focal  and  transverse  adjustments  is  horison- 
tally  mounted  to  observe  the  deflection  of  the  bearing  yoke  and  load 
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rod.  It  will  read  ten  thousandths  of  an  inch  on  a  fairly  open  scale 
(^  inch  divisions),  so  that  interpolations  are  quite  possible.  The 
crosshairs  in  the  eyepiece  are  brought  over  the  line  on  the  rod  end 
with  the  bearing  at  rest;  slight  vibration  by  hand  ensures  the  cor- 
rect alignment  of  the  bearing  center,  yoke  pivot  and  upper  rod  pivot. 
While  running,  the  microscope  is  traversed  horizontally  until  cross- 
bah^  and  reading  line  again  coincide.  In  practice  it  is  foimd  that 
at  certain  speeds  the  vibrations  of  the  framing  and  of  the  loading 
system  coincide  in  phase  occasionally  so  that  the  reading  line  swings 
rather  far  to  either  side;  these  oscillations  die  down  as  the  phases 
fall  out  of  step  so  that  sufficiently  definite  readings  are  secured. 
The  reading  line  is  a  very  fine  scratch  on  a  highly  polished  silver  plate. 
Direct'illumination  from  an  incandescent  lamp  has  given  the  best 
results — better  than  light  reflected  through  the  objective  by  a  prism 
in  the  microscope  barrel. 

13  The  thrust  load  is  applied  to  the  bearing  under  test  by  a  yoke 
that  rests  against  the  outer  race  or  box.  This  yoke  takes  a  wire  rod 
by  taper  clamps.  The  wire  passes  through  the  hollow  spindle  to  the 
upper  arm  of  a  bell  crank  weighing  lever,  being  clamped  to  that  by 
similar  taper  jaws.  A  tension  applying  screw  is  carried  by  this 
lever.  The  entire  thrust  load  appljdng  scale  is,  with  the  exception  of 
the  first  bell  crank  beam,  of  standard  construction  and  conveniently 
arranged  on  the  back  of  the  base. 

14  The  photographic  view,  Fig.  5,  shows  quite  clearly  the  arrange- 
ment of  the  weighing  beam  that  is  attached  to  the  loading  yoke, 
together  with  its  weight  pans  and  long  indicating  needle.  The 
scale  responds  sensibly  to  weights  of  0.0005  pound  placed  in   the 


PRECAUTIONS  OF  DESIGN 

15  Since  the  coefficient  of  friction  of  a  good  ball  bearing  is  as  low 
as  0.0015  referred  to  the  shaft  diameter,  it  follows  that  errors  of  the 
nuuihine  may  be  but  small.  The  application  of  loads  up  to  15  000 
pounds  demands  a  decidedly  robust  construction.  The  general 
scheme  of  the  radial  load  friction  apparatus  is  in  principle  mod- 
eled on  a  design  of  Professor  Stribeck's,  but  differs  from  his  in  the 
use  of  rod  BC,  Fig.  1,  as  a  tension  member  instead  of  a  compression 
strut  as  he  had  it.  Obviously,  a  strut  of  any  length  (36  inches  in  this 
machine)  to  transmit  15  000  pounds  would  have  to  be  very  heavy 
and  cumbersome. 
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16  In  the  Stribeck  machine  the  deflection  iorAB  and  BC  from  the 
straight  line  is  ineasured  by  a  system  of  multiplying  levers;  these 
necessarily  involve  frictional  resistances,  which,  though  slight  in 
themselves,  are  nevertheless  imdesirable.  A  direct  reading  of  the 
deflection  itself  by  means  of  a  microscope  reading  to  one  ten-thous- 
andth of  an  inch  is  substituted. 

17  The  various  pivots  are  all  knife  edges.  The  beams  and  rods 
themselves  were  carefully  calculated  to  balance  and  then  corrected 
in  the  actual  building.  This  assured  the  essential  high  degree  of 
sensitiveness. 

18  Attention  may  here  be  drawn  to  the  fact  that  the  frictional 
resistance  of  the  shaft  carrying  the  bearing  to  be  tested  does  not 
affect  the  result  in  any  way.  It  would  otherwise  be  obviously  impos- 
sible to  measure  the  friction  of  a  bearing  taking  on  only  a  few  hundred 
pounds  load;  and  in  the  same  machine,  another  taking  fifteen  thousand 
pounds.  As  the  shaft-supporting  bearings  must  be  capable  of  safely 
carrying  this  high  load,  their  frictional  resistance  would  otherwise 
totally  overlay  and  obscure  the  resistance  of  the  smaller  bearings 
under  test. 

19  The  point  C,  Fig.  1,  should  be  vertically  over  A  since  the 
deflection  of  AB  and  CB  is  measured  horizontally.  As  there  is  a 
possibility  that  C  may  not  occupy  this  absolutely  correct  position  and 
as  an  error  to  one  side  or  other  would  increase  or  decrease  the  apparent 
deflection  reading,  the  bearing  is  run  in  both  directions  for  each  test; 
the  arithmetical  mean  of  the  two  readings  gives  the  correct  one. 

MAIN  PROPORTIONS 

20  By  consultation  with  Riehle  Brothers  Testing  Machine  Com- 
pany, the  firm  which  built  the  machine  to  the  author's  design  and 
specifications,  a  total  lever  ratio  of  1 :  50  was  fixed  for  both  the  radial 
and  thrust  load  applying  systems. 

21  In  Fig.  1  let  m  be  the  distance  from  A  to  BC — ^normally  to  BC, 
r  the  radius  of  the  bearing  at  the  bore  or  shaft  surface  and  fi  the  coef- 
ficient of  friction  referred  to  radius  r.  Let  P  equal  the  load  acting 
along  BC. 

There  will  be  equilibrium  when 

Pm=  Pptr 
fm  =  /ir  [1] 

mis  therefore  directly  proportional  to  the  frictional  resistance  of  the 
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bearing  under  test.  The  shaft  radius  is  chosen  as  the  lever  arm  to 
which  the  friction  is  referred,  as  the  friction  acts  at  that  lever  arm  in  a 
pl&in  journal.  In  a  ball  bearing  or  roller  bearing  the  friction  really 
acts  at  the  tracks  on  which  the  balls  roll,  but  for  purposes  of  com- 
parison with  plain  bearings  it  is  referred  to  the  bearing  bore,  which  is 
identical  with  the  shaft^diameter. 

22  The  determination  of  the  friction  by  direct  reading  of  the 
deflection  m  was  not  qmte  convenient  from  the  mechanical  arrange- 
ment of  the  parts.     A  line  was  therefore  scratched  at  a  point  lower 


Fio.  8  Skeleton  of  Radial  Feiction  Measuring  ARRANGEiiBNT 

down  on  the  rod  BC  at  G  (see  Fig.  8).    The  various  dimensions 
chosen  were 

AC  =  45  inches 

BC  =  36  inches 

AB  ^  9    inches 

CG  =  37.5  inches. 
This  gives 

AC  :CG=  6:5 
so  that 

AC  ^  6 

CG""  5 
23    It  is  clear  from  Fig.  8  that 

AC^  CG 

6         AC 

m  substituting  m  for  AD,d  (otHG,  z  for  y^y,  gives 


CG 


6 
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tn 

As  it  was  found  that  /«  »  — 

r 

then 

5   r 

Equation  2  is  used  for  determining  the  coefficient  of  friction  ^ 
from  the  reading  of  the  observed  linear  deflection  of  point  G.  As 
thrust  loads  are  applied  up  to  a  maximum  of  10  500  pounds  and 
the  friction  is  determined  by  weighing  the  deflecting  force,  it 
follows  that  a  wire  heavy  enough  to  apply  the  maximum  load  would 
be  deflected  so  little  imder  the  lighter  loads  as  to  demand  extremely 
sensitive  weighing  apparatus.  Several  wires  of  different  diameters 
are  therefore  used  to  cover  the  range. 

24  When  determining  the  friction  due  to  simultaneous  radial  and 
thrust  loading  the  microscope  reading  method,  as  used  for  the  radial 
loading  alone,  is  emplo3red.  But  the  torsional  resistance  of  the  thrust 
applying  wire  opposes  the  bearing  friction  as  a  deflecting  force  and 
so  injects  an  error  into  the  observation.  This  error  is  to  be  kept 
down  to  an  amount  which  is  negligible,  say  0.5  per  cent,  by  the  suit- 
able relative  proportioning  of  radial  load,  thrust  load  and  torsion 
wire;  these  are  determined  as  follows: 

25  The  *' Taschenlyuch  des  Vereina  HUUe*'  gives  for  straight  tor- 
sional springs: 

d  n  to*  G 
^*        Z2i{AG) 
M^  =  torsion  moment 
xo  =  wire  diameter 

0  =  modulus  of  shear  =  11  000  000  pounds  per  square  inch 
i    =  length  of  wire  «=  40  inches 
d  =  arc  through  which  wire  is  twisted 
AG  is  that  distance  in  Fig.  8. 
As  the  angular  deflection  of  the  wire  is  very  small,  the  arc  may  be  con- 
sidered a  straight  line  without  introducing  a  material  error. 
Inserting  values  gives 

d  ;r  ti;Ml  000  000 
^>°  32X7.5X40°^^'^"^ 

In  the  apparatus,  Fig.  8,  the  frictional  moment 


Jlf,  -  P  m  -   -^- 
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26  The  percentile  relationship  of  the  torsion  and  friction  moments 
is  defined  by 

E  ^  :rr   100,  and  by  substitution 

Ml 

3600    d   u/"  v^ 

E  = 100  =  300  000    -^ 

5 

27  For  a  desired  error  of  0.5  per  cent  we  have 

«;* 
and 


0.5  =  300  000 
P 


P 
600  000  w 


28    A  series  of  wires  for  appl)dng  thrust  loads  were  specially 
drawn  of  high  grade  stock  and  the  following  table  worked  up  for  them. 


TABLE  I 


Wire  gage 

Wire  diam.  in. 

Max.  thnut 
loadlbe. 

Min.  radial  load  P  for 
max.  error  of  0.5 
p«r  cent  lbs. 

Tensile  stress  in  wire 
due    to  max.  load 
lbs.  per  sq.  in. 

32Mi»e  .... 
8B48  .... 
6BA8  .... 
4B&S  .... 
2B&S    ... 

0.086 
0.128 
0.162 
0.204 
0.258 

1000 
2000 
3000 
5000 
8000 

30 

160 

400 

.  1000 

2600 

172  000 
155  000 
145  000 
155  000 
181  000 

29  Smaller  radial  loads  than  these  given  in  the  table  can  be  used; 
but  in  that  case  the  error  becomes  larger,  so  that  readings  must  be 
taken  by  both  the  microscope  and  the  torsion  weighing  scale;  it 
was  not  thought  worth  while  to  incur  this  complication. 

TYPICAL   BEARING  TESTS 

30  As  this  is  primarily  a  description  of  the  friction  testing  machine 
and  not  of  friction  tests,  conclusion  will  be  made  with  a  few  typical 
t^ts  that  illustrate  the  range  and  accuracy  of  the  machine. 

31  Fig.  9  gives  the  results  of  a  test  of  thrust  bearing  9  r  at  495 
revolutions  per  minute  under  loads  ranging  from  500  to  1300  pounds. 
One  point  only,  at  1000  pounds,  falls  outside  of  the  range  of  a  fairly 
smooth  average  curve,  with  the  friction  coefficient  ranging  from 
0.075  to  0.080  of  one  per  cent. 

32  Fig.  10  gives  similar  curves  for  various  speeds  ranging  from  265 
to  655  revolutions  per  minute,  while  Fig.  11  givefe  a  curve  deduced 
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Fig.  10  Friction  Charactsristics  of  a  Collar  Thrust  Ball  Bearing 
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from  the  observations  and  shows  graphically  the  relationship  between 
load  capacity  and  speed,  that  load  being  considered  the  correct  one 
for  a  certain  speed  at  which  the  coefficient  of  friction  is  least. 

33  The  behavior  of  radial  bearing  No.  308  under  radial  loads 
only,  as  measured  by  the  coefficient  Qf  friction,  is  plotted  in  Fig.  12. 
This  was  tested,  first  immersed  in  oil,  then  thoroughly  washed  clear 
of  oil  in  gasolene  and  dried,  then  slightly  rusted. 

34  The  rated  load  for  steady  load  and  uniform  speed  is  1400 
pounds.  The  perfection  of  finish  of  the  races  and  balls  and  truth  oi* 
the  parts  is  shown  by  the  very  small  difference  between  the  oiled  and 
dry  bearing.  At  about  25  per  cent  overload  the  influence  of  defoni. 
ations  in  their  effect  on  the  true  rolling  became  manifest  in  a  crossing 
of  the  oil  and  dry  curves,  with  the  latter  becoming  higher.  As  was 
to  be  expected,  the  slightly  rusted  bearing  showed  the  higher  friction; 
but  the  unexpected  result  is  shown  of  this  friction  becoming  less  than 
that  of  the  unrusted  bearing  at  about  1400  pounds;  but  between 
1800  and  2000  pounds  the  friction  rises  sharply,  indicating  a  probable 
early  destruction  of  the  bearing  imder  prolonged  running.  Because 
dry  and  oiled  curves  show  a  similarly  low  friction,  it  is  not  safe  to 
deduce  the  permissibility  of  running  without  oil.  Prolong^  dry 
running  will  surely  prove  destructive. 

35  It  is  with  pleasure  that  I  acknowledge  the  efficient  aid  ren- 
dered by  Mr.  Messner  in  the  detail  design  of  the  machine  and  Mr. 
Batt's  careful  and  painstaking  observations. 

DISCUSSION 

Mr.  J.  RoYDBN  Pbircb*  During  the  past  two  years,  the  writer 
has  had  an  extensive  experience  in  the  practical  use  of  ball  bearings 
under  trying  circumstances  and  is  glad  to  see  a  scientifically  con- 
structed machine  to  determine  accurately  the  friction  in  such  bear- 
ings. 

2  Engineers  in  general  are  not  so  much  interested  in  the  differences 
in  the  internal  frictional  qualities  of  various  ball  bearings  as  they  are 
in  their  reliability.  The  internal  friction  is  too  small  to  be  an  appreci- 
able element  in  machine  construction.  On  the  other  hand,  an  instru- 
ment such  as  the  journal  friction  measuring  machine  of  Mr.  Hess 
should  be  of  great  value  in  detecting  the  inferiority  of  many  of  the 

*  J.  Royden  Peirce,  President  of  The  Royden  Marble  Machinery  Co.,  23rd  St, 
and  Madison  Ave.,  New  York. 
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ball  bearings  at  present  on  the  market.     The  final  criterion  of  ball 
bearing  quality  is  undoubtedly  its  frictional  resistance. 

3  U  it  is  true  that  "Plain,  simple  words  best  pierce  the  ear  of 
grief/'  it  is  doubly  true  that  plain,  simple  bearings  are  the  only  ones 
which  stand  up  satisfactorily  under  the  rough  duty  of  actual  usage. 
It  would  be  very  interesting  to  have  a  set  of  tests  from  this  machine 
of  aU  the  different  bearings,  less  with  a  view  to  finding  the  actual 
biction  than  to  finding  the  relative  advantages  or  disadvantages  of 
the  various  ball  separating  devices  imder  different  load  and  speed 
eonditions. 

4  That  the  friction  in  ball  bearings  is  extremely  small,  will  be  seen 
from  the  following  personal  experience:  On  207  ft.  of  2  +f  in.  line 
shafting  with  32  bearings,  a  light  string  passing  over  a  6  ft.  pulley 
easily  turned  the  entire  stretch  of  shaft  with  its  various  pulleyB,  but 
without  belts. 

5  A  marble  rubbing  bed  weighing  16  tons  and  having  a  moment 
of  inertia  of  20  200,  continued  to  run  for  25  min.  after  the  power  was 
turned  off. 

6  By  substituting  in  the  well  known  formula 

d^  e 

a  value  of  the  moment  of  retardation  equal  to  56  lb.  is  foimd.    The 
inner  diameter  of  the  footstep  thrust  is  5^  in.,  consequently 

246 

-  0.0077 


32  000 


7  This  includes  the  slight  friction  of  two  radial  bearings  in  the  stem 
and  a  couple  of  ordinary  bearings  on  a  horizontal  quill  running  light. 
However,  it  is  an  example  of  regular  practical  operation  and  shows 
what  an  exceptionally  small  coefficient  of  friction  ball  bearings  have. 
The  bearings  of  these  beds  were  remarkable  as  having  been  con- 
structed for  a  weight  of  4  tons  instead  of  16,  and,  with  one  or  two 
exceptions,  after  eight  months'  duty  they  are  still  running  in  ap- 
parently perfect  order. 

8  The  writer  is  using  bearings  on  spindles  running  from  1500  to 
2400  r.p.m.  operating  carborundum  wheels.  Some  of  these  bear  a 
weight  of  nearly  a  ton,  which  is  an  excessive  load  at  this  high  speed, 
notwithstanding  which  they  last  six  months  with  an  eight  hour  day 
service  and  then  require  only  a  new  set  of  balls.     When  the  power 
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is  thrown  o£F,  the  speed  decreases  slowly  and  shows  a  good  coefficient 
of  friction. 

9  Improperly  designed  cages  or  ball-separating  framework  may 
cause  excessive  wear  and  heating.  An  earlier  experience  showed 
that  by  the  time  overheating  called  attention  to  trouble,  the  bearing 
was  ruined.  The  clearance  and  dimensions  of  the  balls  and  raceways 
in  a  well  constructed  ball  bearing  are  necessarily  so  exact  that  any 
distortion  by  heating  either  breaks  the  balls  or  ruins  the  raceways. 

10  A  testing  machine  that  is  sensitive  enough  to  detect  small 
changes  in  the  frictional  resistance  of  ball  bearings  should  render 
valuable  aid  and  engineers  will  eagerly  await  a  complete  set  of 
experimental  data  from  it. 

Prof.  John  A.  Brashbar  I  would  like  to  add  a  note  as  to  the 
early  use  of  ball  bearings. 

2  In  or  about  the  year  1890  we  had  occasion  to  take  apart  and 
repair  an  old  13-in.  equatorial  telescope  belonging  to  the  Allegheny 
Observatory,  the  mechanism  of  which  was  constructed  by  the  Gurleys 
of  Troy  in  1866. 

3  At  the  lower  end  of  the  polar  axis  we  f  oimd  a  grooved  steel  ring 
with  about  a  dozen  f -in.  hard  bronze  balls,  some  of  which  were  in  very 
good  condition.  I  would  like  to  know  if  any  member  recalls  an 
earlier  date  for  the  use  of  ball  bearings. 

Prof.  G.  H.  Benjamin  It  is  evident  that  Mr.  Hess  in  devising 
this  machine  had  in  mind  a  machine  for  measuring  the  slight  friction 
of  ball  and  roller  bearings.  Experiments  I  have  made  on  this  class 
of  bearings  have  shown  me  that  it  is  very  difficult  for  the  ordinary 
machines  to  work  accurately  enough,  on  account  of  the  very  small 
coefficient  of  friction  with  reference  to  the  surface  of  the  journal. 

2  In  order  to  do  this  several  things  must  be  considered.  In  the  first 
place,  the  bearing  to  be  tested  should  itself  be  insulated  as  completely 
as  possible  from  any  other  bearings  in  the  machine — ^so  that  the 
heat  generated  by  the  bearings  of  the  driving  shaft  or  the  auxiliary 
shafts  shall  not  be  communicated  to  the  bearing  which  is  to  be  tested, 
and  this  would  necessitate  a  different  method  of  construction  from 
that  indicated. 

3  According  to  my  experience  with  journal  friction  machines, 
of  which  I  have  had  quite  a  little  in  the  last  few  years,  most  of  the 
machines  are  too  complicated,  and  I  think  there  is  still  room  for  a 
simple  machine  with  which  commercial  journals  can  be  tested  imder 
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eommerdal  conditions,  one  capable  of  carrying  the  heaviest  loads 
whidi  such  journals  would  be  required  to  bear,  and  having  its  test 
journal  insulated  as  before  mentioned.  The  temperature  of  the 
bearing  is  usually  quite  as  important  as  the  coefficient  of  friction. 

4  Mth  all  due  credit  to  the  various  manufacturers  of  journal 
machines  now  on  the  market  there  is  still  great  room  for  improve- 
ment This  criticism,  however,  does  not  apply  to  the  machine  de- 
scribed in  the  paper  because,  as  I  said  before,  it  is  manifestly  intended 
for  testing  ball  bearings  and  not  ordinary  journals. 

Thb  Author  Mr.  Peirce's  experience  with  ball  bearings  illus- 
trates the  fact,  not  yet  generally  recognized,  that  weU  made  ball 
bearings  are  capable  of  abuse  far  beyond  the  endurance  capacity  of 
a  sliding  journal.  Take  for  instance  the  footsteps  of  his  rubbing 
beds;  the  arrangement  usually  employed  is  the  hardened  steel  washer 
step  running  in  oil  and  surroimded  by  a  water  cooling  bath;  but  quite 
aside  from  the  frictional  losses,  such  footsteps  are  a  source  of  more  or 
tesB  continuous  trouble.  A  ball  bearing,  however,  installed  to  carry 
4  tons,  is  carr3ring  over  four  times  this  load,  and  so  successfully  that 
tiie  new  properly  dimensioned  ball  steps  ordered  when  the  error  in 
the  wei^t  specifications  was  recognized  have  not  yet  been  installed. 

2  Mr.  Peirce  refers  also  to  the  ball  bearings  on  his  carborundum 
qmidles.  The  exceedingly  difficult  character  of  this  service  will  be 
reeognized  by  every  engineer  familiar  with  the  hammering  effect  of 
hi^  speed  parts  not  in  perfect  running  balance.  In  this  case  we 
have  a  spindle  carrying  a  series  of  carborundum  discs  16  in.  in  diam- 
eter and  combined  to  make  up  a  cutting  face  6  ft.  in  length,  the  discs 
strong  on  a  cast  iron  spider.  By  the  aid  of  balancing  wa3rs  a  good 
standing  balance  is  secured,  but  a  good  nmning  balance  only  when 
the  fates  are  propitious.  As  an  additional  difficulty,  ball  bearings 
not  being  provided  for  in  the  original  design,  such  dimensions  were 
gnren  them  as  the  existing  parts  permitted,  after  a  trial  on  plain 
journals  had  failed,  with  the  expectation  that  frequent  renewal  would 
be  necessary.  Yet  with  all  these  disadvantages,  renewal  of  the  balls 
alone  was  necessary  after  six  months  continuous  operation.  This 
iUnstrates  one  of  the  decided  advantages  of  the  ball  bearing.  In  the 
plain  journal  wear  affects  spindle  and  box,  while  in  the  ball  bearing 
the  balls  and  races  are  parts  attached  to  the  shaft,  and  their  removal 
and  replacement  is  all  itikt  is  required  to  restore  the  journal  to  its 
pristine  condition;  no  machining  of  any  parts  is  required,  but  only 
^cassemblage  of  relatively  cheap  parts. 
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3  Professor  Brashear  is  interested  in  the  early  use  of  ball  bearings. 
Their  use  goes  far  back  of  the  Allegheny  Observatory  erection  in  1856. 
The  author  has  been  informed  that  a  cast  iron  sheave,  supposed  to 
have  been  installed  over  two  centuries  ago,  is  still  to  be  seen  on  the 
quay  at  Dieppe,  France.  All  records  of  its  installation  have  bera 
lost,  and  it  has  not  been  in  use  for  over  a  century.  The  hub  is  broken, 
exposing  to  view  part  of  the  balls. 

4  Whether  a  simpler  machine  for  testing  ordinary  journals  is 
desirable  depends  altogether  upon  the  accuracy  and  refinement 
required.  It  is  possible  to  determine  the  frictional  qualities  by 
actual  measurement  of  the  coefficient  of  friction  on  various  existing 
machines  of  other  types;  since  the  friction  of  plain  journals  is  rela- 
tively large,  machines  of  lesser  accuracy  will  answer  for  them.  It 
must  not  be  assumed,  however,  that  the  great  delicacy  of  the  machine 
described  implies  a  lack  of  robustness — quite  the  reverse.  Bearings 
have  frequently  been  run  to  the  point  of  total  and  violent  breakdown 
at  high  speeds  and  under  loads  of  15  000  lb.  without  any  damage 
whatever  to  the  machine. 

5  Professor  Benjamin's  demand  that  the  insulation  of  the  bearing 
to  be  tested  from  any  other  bearings  in  the  machine  be  as  complete 
as  possible,  is  fully  met  so  far  as  the  resistance  of  these  other  bearings 
to  friction  is  concerned.  In  that  respect,  isolation  is  absolute  in 
this  machine.  Whether  the  frictional  resistance  of  the  spindle  journal 
be  high  or  low  is  absolutely  immaterial.  Ball  bearings  have  been 
chosen  simply  because  of  their  easy-running  qualities  and  greater 
reliability  under  the  extreme  speed  and  load;  manifestly  it  would  be 
difficult  to  run  a  spindle  5.5  in.  in  diameter  at  2500  r.p.m.  under 
15  000  lb.  load  in  a  plain  journal. 

6  Heat  isolation,  though  not  quite  absolute,  is  also  very  good. 
For  very  accurate  work  the  spindle  is  run  at  proper  speed  and  load 
until  the  temperature  of  the  machine  journal  is  constant  before  the 
test  bearing  is  put  in  place.  The  lower  portion  is  submerged  in  a  pan 
of  oil,  of  which  it  carries  a  portion  around  with  it,  throwing  it  off  in 
a  narrow  stream.  A  sensitive  thermometer  is  placed  in  the  path  of 
this  stream.  While  the  temperature  of  this  stream  is  not  absolutely 
that  of  the  journal,  it  is  very  nearly  so,  quite  nearly  enough  for  pur- 
poses of  comparison;  the  method  is  as  accurate  as  any  with  which  the 
author  is  familiar. 

7  When  the  endurance  of  a  bearing  is  to  be  tested,  a  much  simpler 
machine  can  be  extemporized  from  wooden  beams,  plain  shafting 
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And  hangers,  with  a  very  simple  loading  lever,  and  answering  every 
purpose. 

8  The  occasion  of  the  design  of  the  machine  described  was  the 
observation  of  journal  phenomena  quite  beyond  the  capabilities  of 
the  usual  friction  measuring  machine,  without  limiting  its  load  cap- 
acity, but  rather  while  canying  that  to  a  higher  point  than  usual. 
While  the  author  has  so  far  confined  the  use  of  this  machine  to  an 
investigation  of  ball  and  roller  bearings,  being  primarily  interested 
in  canying  these  to  the  highest  attainable  stage  of  perfection,  he 
does  contemplate  a  later  investigation  of  plain  joumcds,  and  hopes, 
because  of  the  greater  refinement  and  accuracy  of  this  machine,  to 
find  the  cause  for  certain  phenomena  in  sliding  journals  and  lubri- 
cants for  which  the  usual  apparatus  fails  to  account. 
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SOME  PITOT  TUBE  STUDIES 

THE  DISTRIBUTION  OF  VELOCITIES  AND  PRESSURES  IN  STRAIGHT 
AND  CURVED  PORTIONS  OF  A  SIX-INCH  WATER  PIPE 

Bt  Prof.  W.  B.  Greoobt,  New  Obleans,  La. 
Member  of  the  Society 

AND  Pbof  E.  W.  Scuodbb/  Ithaca,  N.  Y. 
Non-Member 

It  is  the  nature  of  science  that  general  effects  should  be  the  first  to 
be  observed  and  studied.  Later  there  come  the  more  and  more 
detailed  investigations  that  make  for  an  exact  science.  To  this 
manner  of  evolution  hydraulics  is  no  exception. 

2  In  the  design  of  water  wheels,  pumps,  air  blowers  and  gas 
engines,  the  improvements  have  come  as  the  result  of  numberless 
tests  involving  accurate  measurements  of  total  quantities  of  discharge 
or  supply  and  therefore  of  mean  velocity  of  the  liquid  or  gas.  Such 
measurements  may  be  direct  as  in  the  case  of  tank  measurements,  of 
total  discharge  in  a  given  time,  or  indirect  as  in  the  case  of  measure- 
ment by  a  Venturi  meter  or  Pitot  tube.  However,  if  we  desire  a 
knowledge  of  the  distribiUion  of  velocities  and  pressures  in  a  pipe  or 
passage  as  well  as  of  the  total  flow,  then  the  Pitot  tube  is  the  only 
instrument  available. 

3  The  writers  have  made  a  study  of  the  distribution  of  velocities 
in  a  dx-inch  pipe  by  means  of  the  Pitot  tube,  undertaken  in  connec- 
tion with  experiments  on  the  loss  of  head  due  to  elbows  of  varying 
radius.  However,  this  paper  will  not  discuss  the  loss  of  head  in 
elbows.  It  was  desired  to  know  how  far  down  the  pipe  the  distortion 
in  velocities  due  to  the  presence  of  the  curve  extended,  or  more 
exactly,  to  know  whether  there  was  elliptical  distribution  of  velo- 
dties  at  distances  of  approximately  168  diameters  and  76  diameters 
beyond  the  curve. 

>  In  charge  of  Hydraulic  Laboratory,  Cornell  University. 

I'meDted  at  the  Detroit  Meeting  (Jime  1908)  of  The  American  Society  of 
MaohaBieal  JBilgineert. 
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4  The  distribution  of  velocities  in  the  curve  was  also  investigated. 
Traverses  were  made  with  a  Pitot  tube  both  in  the  plane  of  the  curve 
and  across  the  pipe  at  right  angles  with  this  plane.  And  a  method 
was  developed  whereby  the  pressure  at  any  point  in  a  pipe,  whether 
straight  or  curved,  may  be  obtained  by  means  of  the  Pitot  tube. 

5  The  arrangement  of  the  pipe  line  is  clearly  shown  in  Fig.  1  and 
Fig.  2.  The  pipe  line  was  set  up  in  l^'all  Creek  Gorge,  near  the  Cornell 
Hydro-Electric  Power  Plant,  so  that  the  water  supply  could  betaken 


FiQ.  1    View  of  Cornell  UNiVBRsmr  Htdro-Elbctric  Power  Fulht,  Show- 
ing Six-inch  Pipe  Line  Used  in  the  Pitot  Tube  Experiments 


from  the  blow-off  end  of  the  five-foot  steel  supply  pipe  where  a  head 
of  approximately  136  ft.  is  available. 

6  The  curve  in  which  the  in vestigations^with^the  Pitot  tube  were 
made  was  a  90  deg.  circular  elbow  with  radius  of  center  line  2.5  ft.,  or 
five  diameters.  It  was  bent  from  six-inch  wrought  iron  pipe.  The 
ends  were  threaded  for  ordinary  flanges. 

7  The  Pitot  tube  used  is  shown  in  place  in  Fig.  3  and  Fig.  4.  The 
details  of  the  tube  are  shown  in  Fig.  6. 

8  Traverses  were  made  in  both  horizontal  and  vertical  planes  at 
points  on  the  pipe  1.10  ft.  upstream  from  the  curve,  at  approximately 
22^,  45  and  67^  deg.  in  the  curve  and  also  at  points  in  the  straight 
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pipe  beyond  the  curve  distant  84.10  ft.  and  38.0  ft.,  respectively.    See 
Rg.  2,  3  and  4. 

9  In  every  case  where  a  traverse  was  made  in  straight  portions  of 
the  pipe  line  the  static  pressure  at  the  wall  of  the  pipe  was  obtained 
from  two  diametrically  opposite  openings  in  the  same  cross  section  as 
the  Pitot  tube  and  at  right  angles  to  the  diameter  on  which  the  trav- 
erse was  made.  These  holes  were  tapped  out  to  receive  one-eighth 
inch  brass  cocks.     After  drilling  and  tapping  each  hole  the  burr  was 
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I, 
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-i. 


TIHJ  f£RfW  CLLt  AND  RISER' 
•  '-  T"^  TO  # 


Fig.  2    Puln  of  Six-inch  Wrought  Iron  Pipe  Line 

carefalfy  r^nDved  from  the  inside  of  the  pipe  with  a  file,  and  care  was 
taken  that  the  cocks  should  not  extend  beyond  the  inner  wall  of  the 
pipe  frh^  screwed  home. 

10  For  all  traverses  in  the  curve  the  static  pressures  were  obtained 
from  tiie  two  horizontal  openings  1. 10  ft.  upstream  from  the  curve. 
In  nukloBg  traverses,  readings  were  obtained  at  one-half  inch  intervals 
in  some  cases,  while  in  others  the  points  were  so  distributed  that  the 
arithmetical  mean  could  be  used  directly  in  getting  mean  velocity. 
This  matter  will  be  discussed  presently. 
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^^^^^^■^.  '^^H^^^^^^^^^^^^^^F  .^^^H 


Fig.  3    Pitot  Tube  in  Position  for  Horizontal  Traverse  in  Straight  Pipe 
AND  (at  the  Left)  the  Differential  Gage 


Fig.  4    Pitot  Tube  in  Position  for  Vertical  Traverse  in  Curve,  Hosb  Con- 
nections AND  Differential  Gage 
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11  In  taking  readings  with  the  Pi  tot  tube  the  instrument  was 
carefully  adjusted  at  the  desired  point  on  the  diameter  to  be  traversed, 
with  the  point  opening  facing  the  current.  The  tube  was  connected 
to  one  side  of  the  differential  water  gage  shown  in  Fig.  3  and  Fig.  4, 
and  the  wall  openings  in  the  pipe  were  connected  to  the  other  side. 
All  connections  were  made  by  means  of  small  three-ply  rubber  hose. 
Great  care  was  used  to  blow  off  all  air  from  the  hose  connections. 
After  the  readings  with  the  tube  direct  (i.  e., pointing  upstream), were 
taken,  the  tube  was  reversed  to  point  downstream  and  another  set  of 
tendings  obtained. 


T — 
h^  hi 

^  __3 /m 


J 


A 


i 


T-B 


m 


I  I  I 


Fio.  5    Diagram  op  Pitot  Tube 
Direct  and  Reverse 


Fig.  6    Details  of  Pitot  Tube 


12  As  a  check  on  the  Pitot  tube  measurements  the  quantity  of 
water  was  measured  by  means  of  a  brass  nozzle  at  the  end  of  the  pipe 
line.  The  nozzle  had  been  calibrated  previously  by  tank  measure- 
ment in  the  Cornell  University  Hydraulic  Laboratory.  To  read  the 
head  on  the  nozzle  a  U  tube  mercury  gage,  open  to  the  atmosphere  on 
one  side,  was  used. 

13  By  using  the  observed  water  gage  difference  when  the  point  of 
the  tube  was  facing  the  current  as  h,  in  the  formula  v  =  c  i  2ghf  it  was 
found  that  the  value  of  c  is  unity,  within  a  reasonable  limit  of  error,  as 
will  be  seen  from  the  following  table. 
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1            1                                  2 

3 

4 

5 

6 

Date 

Place  of  traverse 

Mean  velocity   from 

point  direct-wall 
reading.    Pitot  tube 

Mean  velocity  from 
nossle 

Col.  3 
Col.  4r 

Ratio  mean  to  center 
velocity.  Pitot  tube 

Oct.  28. 1907 
Oct.  29, 1907 
Oct.  31, 1907 

Vertical,  1.10  ft.  upstream  from  curve. 

Vertical.  1.10  ft.  upstream  from  curve. 

Horixontal,  84.10  ft.  downstream  from 

curve 

16.66 
7.95 

7.93 

8.39 

7.83 

16.73 
7.71 

i 

7.78 

8.24 

1       7.92 

1 

0.996 
1.031 

1.019 

1.018 

0.989 

0.83&5 
0.842 

0.843 

Nov.  4.  1907 

Horizontal  84.10  ft.  downstream  from 
curve 

0.850 

Nov.  6, 1907 

Horisontal.  38.0  ft.  downstream  from 
curve 

0.832 

Mean. 

1.01 1 

0  8400 



14  The  results  indicate  an  average  error  of  about  1  per  cent  while 
the  greatest  error  in  any  case  is  about  3  per  cent.  Since  variations  as 
wide  as  the  above  may  be  expected  in  work  of  this  kind,  even  when 
conducted  with  the  greatest  care,  the  conclusion  that  the  coefficient 


Fia.  7    Diagram  Showing  Positions  of  Pitot  Tube  for  Ten  Point  Method  of 

Traverse 

of  the  tube  is  unity  is  justified.  Probably  a  greater  number  of  trav- 
erses would  have  given  an  average  still  nearer  to  unity. 

The  plottings  of  the  traverses  in  the  straight  pipe  are  shown  in 
Fig.  8. 

15  Normal  flow  is  shown  by  the  shape  of  the  curves  and  the  ratios 
of  mean  to  center  velocities.  (See  preceding  table.)  The  exact  distance 
downstream  from  the  curve  where  the  distortion  of  velocities  dis- 
appears is  not  known.*    But  it  is  shown  by  the  traverse  of  November 

>  Saph  and  Schoder,  Trans.  Am.  See.  C.  E.,  vol.  47,  1902,  pp.  30O-3Q2. 
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5, 1907,  that  the  flow  is  normal  at  a  distance  of  38  ft.,  or  76  diameters 
below  the  curve. 

16  The  gage  readings  obtained  by  reversing  the  tube  have  been 
investigated  in  connection  with  their  relations  both  to  the  velocity 
and  the  pressure  of  the  water  at  the  various  parts  of  the  cross  section 
of  the  pipe.    The  theory  may  be  stated  as  follows: 

17  At  the  right  of  Fig.  6  the  Pitot  tube  is  shown  facing  the  cur- 
rent, while  on  the  left  the  reversed  position  of  the  tube  is  shown.  As 
already  stated>  a  differential  gage  was  used  to  read  the  quantities  h 
and  fc„  but  for  the  sake  of  clearness,  let  open  piezometers  be  imagined, 
so  that  the  level  of  water  as  shown  by  the  wall  piezometer  will  be  at 
the  constant  level  A-B.  As  both  h  and  h^  are  difference,  it  does 
not  matter  whether  open  piezometers  or  differential  gages  are  used* 

18  Let  V  be  the  true  velocity  for  any  point  as  obtained  by  the 
Pitot  tube,  point  direct-wall  reading. 

Thenr  =  \/2^gh 

Vi  =  ]/2  g{h-\-  AJ,  where  Aj  =  suction  effect  due  to  reversing  the 

tube. 
Vi^  =  2gh  +  2gh^  =  v^  -\-  2gh^ 

Therefore, 

r  2  _   v"^ 
V^     —  V 

*'  =  ~2T 
But,  from  experiment, 

i?i  =  1.133  V 
Therefore, 

( 1:133' -1)^       (1.284  -1)1;^  ^ 

h.  = =   —  -^  =  0.0044  v^ 

*  2g  2g 

19  The  value  1.133  is  the  mean  obtained  from  the  five  straight 
pipe  traverses.  The  individual  results  for  each  point  of  the  tniv- 
erees  are  given  in  Table  1.     A  summary  follows: 

Average  value  Df 

Date  ^  '*  V 

0ctober28, 1907 1131 

0ctober29, 1907 1116 

October  31,  1907 M31 

November4, 1907 I    128 

Novembers,  1907 L  IfU 

Mean I    133 
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TABLE  1 
Vbrtical  Tbavbbsb  1.10  ft.  Upstrbam  from  Cubte.     a  Diffbbbntial  Mxbcubt  Gaob 

WAS  UbBD.      ThB  DirrSBBNCBB  Df  THB  TaBLB  abb  TBB  EqUIVALBNT  WaTBB  DirrSBBNCBB 


Entbt 

ON  Top  of 

PiFB 

OCTOBBB  28 

,1907 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 
11 

WaU-point  direct  dif- 
ference •-  h 

i"^ 

5 

+ 

P 

A  +  Ai 

1 

> 
1 

1 

0.0044  «s 

CO 

t 

iV 

2.55 

1.22 

3.77 

12.80 

15.40 

1.203 

0.721 

-0.60 

i 

3.97 

1.27 

4.24 

16.00 

16.52 

1.032 

1.127 

-0.14 

1 

4.75 

2.26 

7.01 

17.60 

21.26 

1.215 

1.350 

-0.91 

li 

5.32 

1.97 

7.29 

18.60 

21.65 

1.170 

1.510 

-0.46 

2 

5.75 

1.90 

7.65 

19.22 

22.20 

1.155 

1.630 

-0.27 

2i 

6.04 

1.49 

7.53 

19.72 

22.02 

1.117 

1.710 

+0.22 

3 

6.20 

1.20 

7.40 

20.00 

21.85 

1.092 

1.760 

+0.66 

3i 

6.09 

1.68 

7.77 

19.80 

22.38 

1.128 

1.726 

+0.04 

4 

5.80 

2.33 

8.13 

19.32 

22.90 

1.185 

1.640 

-0.60 

4i 

5.34 

2.00 

7.34 

18.55 

21.75 

1.172 

1.520 

-0.48 

5 

4.65 

1.65 

6.30 

17.32 

20.15 

1.164 

1.320 

-0.33 

H 

4.01 

1.75 

5.76 

16.05 

19.27 

1.200 

1.130 

-0.62 

6 

2.36 

—0.06 

2.30 

12.31 

12.17 

0.987 

0.665 

+0.60 

Vbbticax.  Tbavbbsb  1.10 
Entbt  on  Top  of  Pipb 


Upstream  fbom  Cubvb.     Watbb  Diffbbbntial  Qaqb  was 

USBD 

OCTOBBB  29,  1907 


A 

0.564 

0.051 

0.605 

5.97 

6.26 

1.048 

0.157 

+0.106 

i 

0.902 

0.223 

1.125 

7.62 

8.60 

1.116 

0.255 

+0.032 

1 

1.064 

0.261 

1.326 

8.27 

9.22 

1.115 

0.301 

+0.040 

li 

1.188 

0.320 

1.608 

8.73 

9.86 

1.115 

0.336 

+0.016 

2 

1.296 

0.360 

1.666 

9.12 

10.32 

1.133 

0.366 

+0.006 

2i 

1.365 

0.360 

1.716 

9.36 

10.60 

1.120 

0.386 

+0.036 

3 

1.396 

0.363 

1.758 

9.46 

10.63 

1.124 

0.394 

+0.031 

3i 

1.369 

0.373 

1.742 

9.37 

10.69 

1.130 

0.387 

+0.014 

4 

1.290 

0.338 

1.628 

9.10 

10.23 

1.126 

0.364 

+0.026 

4i 

1.198 

0.347 

1.645 

8.77 

9.97 

1.137 

0.338 

-0.009 

5 

1.073 

0.342 

1.415 

8.30 

9.53 

1.160 

0.303 

-0.039 

6i 

0.887 

0.195 

1.082 

7.66 

8.34 

1.116 

0.252 

+0.067 

6 

0.515 

0.072 

0.587 

6.76 

6.15 

1.069 

0.146 

+0.074 



-    - 
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TABLE  1— OonUnued 

BOBIIONTAL  TRAVKRSB  1.05  FT.  UpSTRSAM  FROM  NOULB   AND   84.11    FT.    DOWNBTBBAM  FBOM 

CuBTB.    Watsb  Differxntial  Oagb  was  Ubbd 


EiTTST  ON  Lett  Hand  Sidb,  Looking  Downstrkam 


OOTOBBB  31,  1907 


I 

2 

3 

4 

5 

6 

7 

8 

9 

i 

73 

. 

n 

f 

1^ 

el 

A  +  Ai 

•< 

1 

+ 

1 

fl» 

0.0044  «* 

eo 

t 

1 

5 

A 

0.588 

0.238 

0.776 

6.15 

7.07 

1.150 

0.166 

-0.072 

* 

0.015 

0.208 

1.183 

7.67 

8.72 

1.146 

0.259 

-0.009 

1 

1.080 

0.308 

1.388 

8.32 

9.45 

1.135 

0.305 

-0.003 

U 

1.105 

0.342 

1.537 

8.76 

9.94 

1.133 

0.338 

-0.004 

3 

1.289 

0.343 

1.632 

9.10 

10.24 

1.127 

0.365 

+0.022 

2* 

1.3«5 

0.375 

1.740 

9.36 

10.59 

1.130 

0.386 

+0.011 

3 

1.392 

0.380 

1.772 

9.45 

10.68 

1.130 

0.393 

+0.013 

8* 

1.362 

0.372 

1.734 

9.36 

10.54 

1.127 

0.386 

+0.014 

4 

1.282 

0.370 

1.652 

9.07 

10.30 

1.135 

0.362 

-0.008 

4* 

1.187 

0.360 

1.547 

8.73 

9.99 

1.144 

0.335 

-0.025 

5 

1.043 

0.343 

1.386 

8.18 

9.43 

1.152 

0.295 

-0.048 

H 

0.880 

0.198 

1.078 

7.52 

8.31 

1.105 

0.248 

+0.050 

ft 

0.575 

0.102 

0.677 

6.08 

6.60 

1.085 

0.163 

+0.061 

HOUSOMTAL  TrATBBBB  1.05  FT.  UpBTEBAM  FROM   NOULB  AND  84.11    FT.   DOWNBTRBAM 

CuRYB.    Water  Differential  Qaob  wab  Used 


ExTBT  on  Left  Hand  Side,  Looking  Downbtrbam 
Tn  Point  Method.    Point  No.  1  ib  Oppobite  Entry 


November  4,  1907 


1 

0.782 

0.260 

1.042 

7.10 

8.19 

1.154 

0.222 

-0.038 

2 

1.041 

0.295 

1.336 

8.19 

9.27 

1.133 

0.295 

0.000 

3 

1.180 

0.305 

1.485 

8.72 

9.77 

1.118 

0.334 

+0.029 

4 

1.310 

0.361 

1.671 

9.18 

10.38 

1.132 

0.372 

+0.011 

5 

1.452 

0.408 

1.860 

9.67 

10.94 

1.133 

0.411 

+0.003 

eeoter 

1.525 

0.422 

1.947 

9.90 

11.20 

1.132 

0.431 

+0.009 

ft 

1.417 

0.375 

1.792 

9.54 

10.74 

1.129 

0.400 

+0.025 

7 

1.241 

0.375 

1.616 

8.94 

10.20 

1.142 

0.352 

-0.023 

8 

1.095 

0.380 

1.475 

8.40 

9.75 

1.160 

0.311 

-0.069 

9 

0.930 

0.190 

1.120 

7.74 

8.60 

1.100 

0.263 

+0.073 

10 

0.671 

0.105 

0.776 

6.58 

7.07 

1.074 

0.101 

+0.086 
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TABLE  1— Continued 

HORISONTAL  TraVKRBB   38.0   FT.    DOWNSTRBAM   FROM   CURVK.       WaTSR  DiPFKRXNTIAl.  GaOK 

WA8   UBBD 


Entry 

ON  Lbpt  I 

Iand  Side, 

Looking 

D0W7<I8TRB 

kU 

Notbmbbr  6, 

1907 

Ten  Point  Method.     Poini 

•  No.    1   18 

4 

Oppositb  Entrt 

» 

2 

3 

5 

6 

7 

8 

9 

i 
1.1 

t  direct  dif> 

1 

L- 

!5 

I-: 

*  +  *, 

11 

0.0044  v> 

CO 

i 

1 

00 

11 

.a -2 

P 

|l 

1 

1 

P 

^ 

^ 

;» 

;r 

t 

1 

0.558 

0.230 

0.788 

6.00 

7.12 

1.186 

0.158 

-0.072 

2 

0.902 

0.314 

1.216 

7.62 

8.85 

1.162 

0.255 

-0.059 

3 

1.033 

0.344 

1.377 

8.15 

9.42 

1.155 

0.292 

-0.052 

4 

1.170 

0.382 

1.552 

8.68 

10.00 

1.150 

0.332 

-0.050 

5 

1.307 

0.439 

1.746 

9.17 

10.62 

1.156 

0.370 

-0.069 

center 

1.388 

0.469 

1.847 

9.45 

10.90 

1.154 

0.393 

-0.066 

6 

1.262 

0.433 

1.695 

9.02 

10.46 

1.158 

0.358     1 

-0.075 

7 

1.116 

0.404 

1.519 

8.47 

9.88 

1.167 

0.316 

-0.088 

8 

1.000 

0.422 

1.422 

8.02 

9.67 

1.194 

0.283 

-0.039 

9 

0.861 

0.257 

1.108 

7.41 

8.45 

1.139 

0.242 

-0.016 

10 

0.557 

0.190 

0.747 

5.99 

6.93 

1.155 

0.180 

-O.OIO 

Vi 

20  It  will  be  seen  from  the  calculated  values  for  -  in  Table  1,  that 

for  any  particular  traverse  the  ratio  is  practically  constant  across  the 
pipe,  except  near  the  wall  where  eddies  and  disturbances  tend  to 
vitiate  observations. 

21  If  now  we  calculate  backwards  and  subtract  from  h^  the  quan- 
tity 0.00441^,  we  will  get  zero  on  the  average.  The  variation  from 
zero  fpr  the  five  straight  pipe  traverses  is  shown  in  Table  1  and  in 
Fig.  8  at  the  left. 

22  This  average  value  of  zero  across  the  pipe  diameter  means  that 
the  pressure  throughcmt  the  cross  section  is  identical  with  that  at  the 
wall  (the  effect  of  hydrostatic  differences  of  level,  of  course,  excepted). 

23  The  quality  of  pressure  throughout  the  cross  section  of  a 
straight  pipe  in  which  water  is  flowing  may  be  inferred  from  the  fact 
that  a  Pitot  tube  having  a  point  opening  only,  and  taking  its  refer- 
ence pressure  at  the  wall  of  the  pipe,  gives  the  true  mean  velocity 
according  to  the  formula, 

V  ^\/2gh 
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TABLE  2 

HOUSONTAL  TbATBRSS,    IN    CUBYli    AT   45    DCO.    FROM    UpBTRCAII    EnD    OT    CuRYS. 

DinxRSNTiAL  Gagb  was  Ubed 


Watbr 


Entrt 

ON  Concave  Sidk 

NOVCIIBBR  9 

.1907 

1 

2 

3 

4 

5 

6 

7 

8 

h 

1 

5 

Wall-point  direct  dif- 
ference —  h 

difference  »  At 

A  +  A, 

1? 
•Hi 

1     d 
«»     1 

+ 

> 

0.0044  v3 

CO 

3 

1 
t- 

t 

A 

0.870 

0.271 

1.141 

7.58 

0.253 

-0.018 

I 

1.005 

0.293 

1.298 

8.08 

0.288 

-0.005 

* 

1.080 

0.300 

1.380 

8.33 

■»» 

J3       • 

0.306 

-0.006 

1 

1.170 

0.335 

1.505 

8.68 

M 

0.333 

-0.002 

li 

1.250 

0.372 

1.622 

'9.03 

0.360 

-0.012 

2 

1.277 

0.453 

1.730 

9.31 

Vi 

0.382 

-0.071 

2i 

1.223 

0.563 

1.786 

9.48 

0.396 

-0.167 

3 

1.103 

0.653 

1.756 

9.39 

1  t 

0.389 

-0.264 

^ 

0.920 

0.695 

1.615 

9.00 

•a    2 

0.357 

-0.3:<S 

4 

0.644 

0.583 

1.227 

7.85 

1    2 

0.272 

-0.311 

4i 

0.340 

0.485 

0.825 

6.44 

a  1 

■S  li 

0.183 

-0  302 

♦J 

0.063 

0.437 

0.520 

5.11 

0.115 

-0.322 

5 

0.005 

0.447 

0.452 

4.76 

0.100 

-0  347 

5i 

0.030 

0.413 

0.443 

4.72 

fi   l^ 

0.098 

-0  315 

H 

-0.245 

0.390 

0.155 

2.79 

£    Is 

0.034 

-0.356 

6 

-0.057 

0.387 

0.330 

4.07 

H 

0.073 

-0  314 

Hokizontal  Travbrbc,  in  Curve  at  67J  Deg.  from  Upstream  End  of  Corvb.     Watbr 

Differential  Gage  was  Used 
Bimnr  on  Concave  Side  October  31,  1907 


.S    s 


ii 

^  a 


1 

0.780 

0.360 

1.140 

7.55 

i 

1.280 

0.441 

1.721 

9.30 

I 

1.250 

t).477 

1.727 

9.31 

u 

1.167 

0.545 

1,712 

9.28 

2 

1.012 

0.583 

1.593 

1 

8.94 

2* 

0.743 

0.525 

1.278     ! 

8.01 

3 

0.395 

0.450 

0.845 

6.52 

H 

0.323 

0.465 

0.788     1 

6.29 

4 

0.373 

0.523 

0.896     1 

6.71 

4* 

0.400 

0.613 

1.013 

7.13 

5 

0.415 

0.622 

1.035 

7.21 

H 

0.340 

0.555 

0.895 

6.71 

5H 

0.160 

0.527 

0.687 

5.87 

i  -gf 


0.248 

-0.112 

0.381 

-0.060 

0.381 

-0.096 

0.379 

-0.166 

0.352 

-0.231 

0.282 

-0.243 

0.187 

-0.263 

0.174 

-0.291 

0.198 

-0.325 

0.223 

-0.390 

0.228 

-0.394 

0.198 

-0.357 

0.152 

-0.375 
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TABLE  2— Cootinued 


Vbbtical  Tra verbs  in  Curve.  45  Deo.  from  Upstream  End  of  Curve.      Water  Differen- 
tial Gage  was  Used 


Entry  at  Top  of  Pipe 


November  9.  1907 


1 

2 

3 

4 

5 

6 

7 

8 

If 

11 

II 

1 

^1 

!i 

A  +  *, 

5-  2 
St 

I  ■ 

+ 

> 
1 

0.0044  «) 

CO 

t 

S 

^ 

^ 

► 

^ 

A 

0.556 

0.655 

1.211 

7.80 

0.268 

-0.387 

i 

0.936 

0.580 

1.516 

8.71 

iM 

0.334 

-0.246 

1 

1.041 

0.534 

1.575 

8.90 

0.349 

-0.185 

li 

1.109 

0.563 

1.672 

9.15 

0.369 

-0.194 

2 
2i 

1.147 
1.163 

0.568 
0.580 

1.715 
1.743 

9.28 
9.35 

111 

0.379 
0.386 

-0.189 
-0.196 

3 

1.174 

0.542 

1.716 

9.28 

0.379 

-0.163 

3i 

1.151 

0.535 

1.686 

9.19 

0.372 

-0.163 

4 

1.120 

0.513 

1.633 

9.05 

0.360 

-0.153 

4i 

1.077 

0.540 

1.617 

9.01 

P-' 

0.357 

-0.183 

5 

0.990 

0.590 

1.580 

8.90 

0.349 

-0.241 

5i 

0.897 

0.543 

1.440 

8.50 

0.318 

-0.225 

5i 

0.677 

0.390 

1.067 

7.31 

0.235 

-0.155 

Vertical  Traverse  in  Curve,  67i  Deo.  from  Upstream  End  of  Curve.     Water  Dif- 
ferential Qaoe  was  Used 


Entry  at  Top  of  Pipe 


November  9,  1907 


A 

0.335 

0.707 

1.042 

i 

1.027 

0.713 

1.740 

1 

0.973 

0.680 

1.653 

1* 

0.820 

0.607 

1.427 

2 

0.598 

0.523 

1.121 

2* 

0.460 

0.453 

0.913 

3 

0.402 

0.448 

0.850 

3* 

0.487 

0.493 

0.980 

4 

0.630 

0.503 

1.133 

4i 

0.870 

0.550 

1.420 

5 

0.960 

0.660 

1.620 

6i 

1.008 

0.543 

1.651 

6 

1.400 

0.486 

0.886 

7.23 
9.34 
9.11 
8.45 
7.50 

6.77 
6.53 
7.01 
7.54 

8.44 

9.01 

8.82 
6.66 


0.230 
0.384 
0.365 
0.315 
0.248 

0.202 
0.188 
0.216 
0.251 
0.314 

0.357 
0.342 
0.195 


-0.477 
-0.329 
-0.315 
-0.292 
-0.275 

-0.251 
-0.260 
-0.277 
-0.252 
-0.236 

-0.303 
-0.201 
-0.291 
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TABLE  2— Continued 
HoROONTAL  Tbatbrsb  IN  CuBYS,  22^  Deo.  PROif  Upstrbam  End  of  the  Gubve.    Watbb 

DiFFEBBNTIAL  GaGE  WAS  USEO 

Emtst  on  Concave  Side  Novembbb  5,  1907 

TBI  Point  Method.     Point  No.  1  is  Opposite  Entbt 


1 

2 

3 

4 

6 

6 

7 

8 

h 

:a 

m 

.< 

1-point  direct  d 
rence  -■  h 

si 

h-hhi. 

c 
1 

1 

+ 

0.0044  t»» 

CO 

t 

1 

b 

-3^2 

Ti^ 

1     ® 

1 

pj 

^ 

^ 

;  1 

iT 

5 

1 

0.685 

0.165 

0.850 

6.54 

1 

a 

0.188 

+013.0 

2 

0.880 

0.215 

1.095 

7.42 

0.242 

+0.027 

3 

1.055 

0.260 

1.305 

8.10 

u 

.9 

it 

0.282 

+0.032 

4 

1.170 

0.332 

1.502 

8.70 

i 

6 

1 

\n 

-o 

0.333 

+0.001 

5 

1.315 

0.447 

1.762 

9.41 

n 

0.390 

-0.057 

enter 

1.378 

0.548 

1.926 

9.83 

o 

&.5 

0.426 

-0.122 

6 

1.272 

0.558 

1.830 

9.59 

a^ 

0.405 

-0.153 

7 

i.ogo 

0.695 

1.785 

9.47 

u » 

M  ^ 

-  1 
1  8 

0.395 

-0.300 

« 

0.935 

0.710 

1.645 

9.09 

1 

1 

0.364 

-0.346 

9 

0.687 

0.630 

1.317 

8.10 

» 

0.289 

-0.341 

10 

0.307 

0.445 

0.752 

6.14 

0.166 

-0.279 

This  has  been  shown  for  many  diflferent  sizes  of  pipes  and  for  a  wide 
range  of  velocities  by  several  experimenters.  If  the  pressure  varied 
across  the  pipe  this  relation  would  not  hold.  Further  direct  experi- 
mental proof  has  been  given  by  at  least  two  observers.* 

24  Having  calculated  the  value  h  +  Ai,  from  the  observations  on 
the  curve  traverses,  we  may  obtain  the  true  velocity  at  any  point  by 
using  the  relation 

and  having  the  true  velocity,  we  calculate  the  corresponding  suction 
head  by  using  the  formula 

Aj  =  0.0044  v» 

If  now  for  each  point  on  the  traverse  this  calculated  suction  head  be 
subtracted  algebraically  from  the  corresponding  gage  diflference  with 

•  Note  by  M.  Baain,  Tranfl.  Am.  Soc.  C.  E.,  vol.  47,  1902,  p.  248,  and  The 
Pitot  Tube,  W.  B.  Gregory,  Trans.  Am.  Soc.  M.  E,.  vol.  26,  p.  201. 
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the  tube  reversed,  we  have  an  indication  of  the  pressure  variation 
across  the  pipe  diameter.  The  results  of  the  curve  traverses  are 
plotted  in  Fig.  9. 

25  The  horizontal  traverses  in  the  curve  show  the  gradual  swing- 
ing of  the  maximum'  velocity  toward  the  convex  side  of  the  curve  as 
the  water  passes  around,  except  in  the  case  of  the  traverse  at  22i  deg. 
which  shows  a  tendency  in  the  opposite  direction.  The  vertical  trav- 
erses show  nearly  symmetrical  distribution  above  and  below  the  cen- 
ter. 

26  The  plottings  of  the  pressure  differences,  as  explained  above, 
show  that  the  pressure  is  highest  near  the  convex  side  of  the  pipe  and 
least  near  the  concave  side.  The  actual  quantitative  results  are  com- 
plicated by  the  loss  of  head  between  the  upstream  piezometer  and  the 
points  in  the  curve  where  the  traverses  were  made.  But  this  is  a  con- 
stant and  the  qualitative  results  are  not  altered.  The  high  pressure 
at  the  convex  side  of  the  curve  may  be  explained  by  the  centrifugal 
action  of  the  water. 

27  In  the  case  of  the  pressures  for  the  vertical  traverses,  no  cor- 
responding change  of  pressure  with  velocity  is  noticeable. 

28  In  using  the  Pitot  tube  to  obtain  the  mean  velocity  of  water 
flowing  in  a  straight  pipe  a  question  arises  as  to  the  number  of  points 
of  observation  necessary  that  the  resulting  error  may  be  reasonably 
small. 

29  The  computations  given  below  are  based  on  the  theory  that 
the  velocities  in  the  various  parts  of  a  cross  section  of  a  straight  pipe 
in  which  water  is  flowing  are  arranged  in  such  a  way  that  they  form  an 
ellipsoid  of  revolution,  with  the  velocity  at  the  center  equal  to  twice 
the  velocity  at*the  walls  of  the  pipe.  On  any  diameter  the  plotting 
of  velocities  parallel  to  the  axis  of  a  straight  pipe  may  be  thought  of 
as  made  up  of  a  semi-ellipse  joined  to  a  rectangle  of  length  equal  to 
the  semi-ellipse.^ 

30  Suppose  the  cross  section  of  the  pipe  to  be  divided  by  concen- 
tric circles  having  areas,  respectively,  of  1/20,  3/20,  5/20,  7/20, 9/20, 
11/20,  13/20,  15/20,  17/20  and  19/20  of  the  cross  sectional  area.  If 
in  making  a  traverse  on  a  diameter,  observations  be  taken  on  the  cir- 
cumferences of  these  circles,  there  will  be  20  readings  for  a  traverse, 
and  the  mean  of  the  velocities  found  from  these  20  readings  will  be 
the  mean  velocity  of  the  fluid.  In  order  to  investigate  this  theory,  let 
us  assume  an  ellipse  having  one-half  of  its  major  and  minor  axes 

*  Tlie  accompanying  curves  confirm  this  assuinption.  For  similar  work,  see 
bibliography  in  Engineering  News,  December  21*,  1905. 
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denoted  by  a  and  6,  respectively.  Let  x  and  y  be  the  coordinates  of 
any  point  on  the  ellipse.  The  results  are  arranged  in  tabular  form 
in  Table  3. 


TABLE  3 


TABLE  4 


No 

Area 

V 

X 

1 

1/20 

0.2236b 

0.9747a 

2       3/20 

0.3873b 

0.9220a 

3       6/20 

0.5000b 

0.8660a 

4 

7/20 

0.5916b 

0.8062a 

5 

9/20 

0.6708b 

0.7416a 

6  '  11/20 

0.7416b 

0.6708a 

7      13/20 

0.8062b 

0.5916a 

8      15/20 

0.8660b 

0.6000a 

9      17/20 

0.9220b 

0.3873a 

10 

19/20 

0.9747b 

0.2236a 

Mean- 

0.6684 

No. 

Area 

^ 

X 

1 

1/10 

0.3162b 

0.9487a 

2 

3/10 

0.5477b 

0.8367a 

3 

5/10 

0.7071b 

0.7071a 

4 

7/10 

0.8367b 

0.5477a 

5 

9/10 

0.9487b 

0.3162a 

Mean  « 


0.6713a 


1.6713 
1.666^ 


» 1.0028 


Volume  of  tnie  ellipfloid  with  cylinder  —  1 .  6667;r  o  6^ 
Yolome  tqr  above  method  —  1.6684;ra6> 

Tbs  Equation  op  thb  Ellipse  is 


a«  ■*■  e>>  " 


31  It  is  seen  that  there  is  practically  no  error  in  calculating  the 
mean  velocity  from  a  traverse  with  20  points  as  indicated  above.  It 
will  be  noted  that  the  center  velocity  is  omitted  in  the  calculation. 

32  Next  let  us  investigate  the  error  when  only  ten  points  are  used, 
as  shown  in  Fig.  7.  In  this  case  the  areas  of  the  concentric  circles 
will  be  1/10,  3/10,  5/10,  7/10,  and  9/10.  The  results  are  given  in 
Table  4.  The  error  in  this  case  is  only  0.28  of  1  per  cent,  which  is 
well  within  the  error  of  observation.  In  this  case  also  the  center 
velocity  is  not  used. 

33  The  Pitot  tube  used  by  the  writers  in  this  investigation,  is  not 
of  the  form  that  they  would  recommend  for  general  use  in  cases  of  dis- 
torted flow,  although  it  is  well  adapted  to  traversing  straight  pipes 
where  a  wall  piezometer  gives  correct  mean  pressure  indications.  It 
was  the  only  available  tube  suitable  for  the  pipe.  In  general  where 
a  wall  piezometer  is  not  available,  a  tube  with  both  impact  and  static 
openings  would  be  more  convenient,  and  less  liable  to  errors  of 
observation,  and  would  effect  a  material  saving  of  time. 

34  The  method  above  described,  of  obtaining  the  true  velocity  at 
any  point  by  means  of  the  tube  used,  corresponds  to  working  with  a 
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tube  having  both  openings.  In  the  latter  case  it  is,  of  course,  unnec* 
essary  to  reverse  the  tube.  The  corresponding  suction,  if  there  be 
any,  on  the  static  openings  may  be  obtained  by  using  a  wall  piez- 
ometer in  rating  the  tube.^  Having  rated  the  tube,  either  with  the 
wall  piezometer  or  by  tank  measurement  of  the  discharge,  the  wall 
piezometer  is  no  longer  necessary  to  give  pressure  indications.  A 
tube  may  be  so  designed  that  there  will  be  no  suction  action  at  the 
static  openings,  i.  e.,  the  static  openings  will  act  precisely  like  wall 
piezometers  and  will  give  the  true  pressure.  In  this  case  the  coeffi- 
cient of  the  tube  is  unity. 

35  In  case  the  coeflScient  of  the  tube  is  not  unity,  and  the  impact 
point  is  of  proper  shape,  the  following  statement  gives  the  method  of 
obtaining  the  suction  head  at  the  static  openings. 

36  In  general  we  will  have  for  the  formula  to  be  used  with  any 
Pitot  tube, 

V  =  c\/2gH 
where 

ff  =  (A  +  K) 

That  is,  H  is  the  water  column  difference  between  the  impact  and 
static  openings.'    Then 

v'^c^2gH,ovH  =  ;^^ 
(^  2g 

37  The  impact  opening  of  the  tube  gives  the  head 
The  static  openings  give  the  head 

38  Thus,  if  the  rating  of  a  two-opening  tube  shows  a  coeflScient  of 
0. 883,  we  have 


*•-  (dri3^-0^°^''''-'^?r°='^ 


2ff 


'Water  Measuremeots  in  Coooectioo  with  a  Test  of  a  Centrifugal  Pump  at 
Jourdan  Avenue  Drainage  Station,  New  Orleans,  La 

•See  article  by  W.  M.  White,  Journal  of  Association  of  Engineering  Societies, 
August  1901,  p.  64 
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CONCLUSION 

39    To  sum  up: 

a  A  method  has  been  given  for  determining,  by  means  of  a 
Pitot  tube  with  a  single  opening,  the  variation  of  velocities 
across  a  curved  passage  in  which  water  is  flowing. 

b  The  variation  of  pressures  across  a  curved  passage  has  been 
determined  by  means  of  a  Pitot  tube  with  a  single  open- 
ing. So  far  as  the  writers  know,  this  method  has  never 
been  suggested  before. 

c  A  method  has  been  pointed  out  by  which,  with  a  tube  hav- 
ing both  impact  and  static  openings,  the  pressure  at  any 
point  across  a  curved  passage  may  be  determined. 

d  By  inference,  the  Pitot  tube  oflfei-s  a  solution  of  problems 
in  the  perfecting  of  the  designs  of  turbines,  pumps,  etc., 
where  it  is  important  to  know  precisely  how  the  fluid 
flows  through  the  curved  passages,  especially  how  the 
velocities  and  pressures  vary. 

DISCUSSION 

Mr.  G.  a.  Orrok  I  have  been  greatly  interested  in  the  work 
done  with  Pitot  tubes  by  Professors  Schoder  and  Gregory,  Mr.  White, 
and  the  other  gentlemen  who  have  been  experimenting  with  them. 
The  curves  given  by  the  authors  of  the  paper  show  in  a  very  good  way 
the  eddies  and  other  peculiarities  in  the  flow  of  the  water  around 
bends.  In  making  some  power  plant  tests  I  have  had  occasion  to 
measure  the  condensing  water  by  the  use  of  Pitot  tubes  placed  in  the 
condenser  discharge  pipe.  This  pipe  was  36  in.  in  diameter  with  a 
number  of  bends  and  no  piece  of  straight  pipe  of  suflicient  length  to 
free  the  current  of  water  from  eddies.  In  making  the  traverses  I 
obtained  curves  which  were  almost  identical  with  the  curves  shown 
by  the  authors. 

2  Referring  to  the  use  of  upstream  and  downstream  Pitot  tubes 
I  have  attempted  to  use  them,  but  with  negative  results,  it  being 
almost  impossible  to  secure  anything  that  was  consistent;  this  prob- 
ably because  of  the  difliculty  of  keeping  the  two  tubes  directly  op- 
posite and  in  line  with  the  flow  of  the  water.  I  got  much  better  re- 
sults by  using  a  Pitot  tube  with  a  long  nozzle  in  the  line  of  flow,  the 
velocity  opening  being  a  surface  of  revolution,  and  the  static  opening 
four  longitudinal  slots,  90  deg.  apart  in  the  surface  of  the  outer  pipe. 
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3  The  constant  of  this  tube  I  find  to  be  almost  invariably,  within 
limits,  100  per  cent. 

Dr.  Sanford  A.  Moss  I  have  been  greatly  interested  in  the  por- 
tion of  this  paper  referring  to  use  of  "downstream  readings''  of  a 
single  opening  pitot  tube.  If  it  is  possible  to  formulate  a  definite 
law  between  "impact  head"  (difference  between  "upstream  read- 
ing'* and  "static  pressure")  and  "downstream  head"  (difference 
between  "static  pressure"  and  pressure  shown  by  tube  pointing  down 
stream),  the  method  of  using  a  direct  and  reversed  tube  for  computa- 
tion of  actual  velocity  and  actual  static  pressure  would  be  very  useful 
in  hydrodynamic  work  of  all  kinds.  I  believe  a  great  deal  of  experi- 
mental work  must  be  done  before  a  definite  law  can  be  formulated 
in  the  matter.  I  believe  that  the  relation  between  "impact  head" 
and  "downstream  head"  may  vary  with  the  shape  of  the  impact 
tube,  density  and  velocity. 

2  Some  time  ago  I  planned  to  use  upstream  and  downstream 
readings  for  measurement  of  flow  of  air  in  straight  pipes  for  cases 
where  there  were  irregularities  due  to  previous  elbows,  etc.,  the  idea 
being  to  obtain  true  velocity  and  static  pressure  by  exactly  the 
method  used  in  the  paper. 

3  Experiments  to  determine  the  coeflScient  were  made  by  use 
of  an  impact  tube  pointing  first  upstream  and  then  downstream 
in  a  jet  escaping  from  an  open  pipe  into  the  atmosphere.  In  such  a 
case  if  the  observations  are  taken  at  a  little  distance  from  the  end  of 
the  open  pipe,  the  static  pressure  is  known  to  be  atmospheric. 

4  The  relation  between  the  upstream  head  and  the  downstream 
head  varied  with  the  velocity  to  an  extent  which  was  not  precisely 
determined.  Most  important,  however,  was  the  fact  that  the  down- 
stream head  reading  was  greatly  affected  by  the  shape  of  the  tube.  As  is 
well  known,  the  upstream  reading,  or  true  impact  reading,  always 
gives  the  velocity  head  regardless  of  shape  of  tube.  This  certainly 
does  not  apply  to  the  downstream  reading.  A  similar  experiment 
was  made  with  a  small  impact  tube  in  a  steam  jet  of  high  velocity. 
The  downstream  head  in  this  case  was  much  smaller  than  in  other 
cases. 

5  It  also  seems  probable  that  the  downstream  reading  is  gieatly 
affected  by  slight  angularity  of  the  stream  lines  caused  by  local 
eddies,  etc.  It  is  certainly  true  that  the  static  opening  or  side  open- 
ing of  an  ordinary  pitot  tube  is  similarly  affected.  This  seems  to 
indicate  that  a  downstream  tube,  or  a  side  opening  for  measurement 
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of  static  pressure,  is  unsatisfactory,  except  for  parallel  flow  in  a 
straight  pipe.  However,  in  such  a  case,  it  seems  tolerably  certain 
that  the  static  pressure  throughout  is  the  same  as  the  pressure 
measured  by  a  hole  in  the  pipe  wall. 

6  The  Pitometer  Company  have  developed  a  system  for  measure- 
ment of  flow  of  water  in  pipes  from  sum  of  downstream  and  up- 
stream heads.  They  use  an  experimentally  determined  coeflScient 
for  multiplying  velocity  as  computed  from  total  head,  to  obtain  the 
true  velocity.  This  coefiicient  was  originally  0.8,  but  I  am  informed 
by  Mr.  Cole  that  0.84  is  shown  by  recent  experiments  to  be  a  more 
accurate  value.  The  reciprocal  of  this,  1.19,  corresponds  to  the 
value  C  in  the  present  paper  given  as  1.133.  There  is  here  u 
discrepancy  of  6  percent.  The  values  of  this  ratio  C,  given  in  the 
present  paper,  seem  quite  discordant,  and  values  from  1.09  to  1.21 
occur  in  the  region  away  from  the  edges  of  the  pipe. 

7  In  my  own  work  in  this  matter,  instead  of  using  C,  the  ratio  of 
velocity  computed  from  sum  of  upstream  and  downstream  heads, 
to  the  actual  velocity,  I  have  used  the  direct  ratio  of  downstream 
head  to  upstream  or  true  velocity  head.  This  is  C  —  1.  This  is 
the  ratio  between  the  directly  observed  quantities,  and  different 
values  of  it  indicate  the  direct  uncertainty  in  the  matter,  bettei  than 
the  different  values  of  C  which  have  a  much  smaller  percentage 
difference.  Various  values  of  this  direct  head  ratio  are  given  in  the 
accompanying  table. 

TABLE  OF  RATIOS  OF  DOWN  STREAM  HEAD  TO  IMPACT  HEAD 

(ptatic  head  —  dowDstream  head)  •«•  (Impact  or  upstream  head  —  static  head) 

Value  corresponding  to  C  —  1.133  of  present  paper 0.28 

Value  corresponding  to  Pitometer  coefficient  l/C  =«  0.84 0.42 

Value  corresponding  to  Pitometer  coefficient  1/C  =  0.80 0.5G 

Value  obtained  by  writer  with  air 0.25  to  0.40 

Value  obtained  by  writer  with  high  velocity  stream 0  28 

Prof.  H.  T.  Eddy*  I  fail  to  see  how  it  is  theoretically  possible 
that  the  readings  of  a  Pitot  tube,  directed  downstream,  should  have 
any  necessary  relationship  to  the  velocity  of  the  stream;  or  be  of 
any  importance.  It  is  theoretically  and  experimentally  known  that 
the  reailings  of  a  Pitot  tube  directed  upstream  will  increase  with 
every  increase  of  stream  velocity,  however  great.  But  when  directed 
downstream  there  is  a  certain  velocity  of  stream  which  would  in  any 
given  case  produce  a  suction  head  as  great  as  the  depth  of  immersion, 

'Memlier  of  the  (Jas  Power  Section. 
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and  any  stream  velocity  greater  than  that  would  draw  air  into  the 
water  through  the  tube,  thus  making  it  impossible  to  read  any  of 
these  greater  velocities  by  a  tube  directed  downstream. 

2  Somewhat  the  same  phenomenon  is  observed  in  the  wake  of  a 
ship,  where  there  is  a  depression  of  the  water  at  the  stem.  No  matter 
what  the  speed  of  the  ship,  the  pressure  at  the  stem  cannot  be  less 
than  that  of  the  atmosphere.  It  would  seem  to  me  then,  that  down- 
stream readings  of  the  Pitot  tube  must,  in  general,  from  the  nature  of 
the  case,  be  illusory.  There  is  a  possibility  however  that  for  any  low 
velocities  a  Pitot  tube  might  be  so  rated  experimentally  as  to  make 
such  readings  of  some  value. 

The  Authors  There  is  abundant  experimental  evidence  showing 
that  the  suction  effect  due  to  reversing  a  Pitot  tube  is  considerably 
affected  by  the  shape  of  the  tube,  as  Dr.  Moss  states  in  his  discussion. 

2  However,  the  writers  would  hardly  designate  the  downstream 
readings  as  'illusory,"  to  use  Professor  Eddy's  adjective.  No  doubt 
there  is  mystery  in  all  of  nature's  phenomena.  Moreover,  in  the 
experiments  described  in  the  paper  there  are  noticeable  individual 
departures  (in  column  7  of  Table  1)  from  the  average  value  1.133 

for  — .    Still  the  mean  value  for  any  one  of  the  five  traverses  is  within 

less  than  3  per  cent  of  1.133.    This  speaks  for  itself. 

3  Professor  Eddy's  statement  concerning  depth  of  immersion  and 
the  drawing  of  air  into  the  downstream  opening  of  the  Pitot  tube 
may  have  some  application  to  open  channel  conditions  near  the 
surface,  but  is  not  applicable  to  a  Pitot  tube  in  a  pipe  under  pressure. 
There  seems  to  be  no  reason  why  the  suction  head  should  not  vary 
as  a  function  of  the  velocity  far  beyond  the  range  investigated  by 
the  writers.  This  includes  velocities  as  high  as  20  ft.  per  second. 
The  limiting  value  in  any  extreme  case  would  occur  when  a  vacuum 
would  be  produced  at  the  downstream  opening.  But  for  all  veloc- 
ities met  with  in  practice  the  experimental  evidence  indicates  that 
in  closed  pipes  the  suction  head  does  vary  as  a  definite  function  of 
the  velocity. 
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COMPARISON  OF  SCREW  THREAD  STANDARDS 

By  Amaba  Trowbridge,  Hartford,  Conn. 
Member  of  the  Society 

The  accompanying  diagram  is  submitted  to  show  what  is  possible 
or  impossible  in  combining  the  present  recognized  standards  for  screw 
threads.  The  United  States  standard  thread  has  long  been  consid- 
ered too  coarse  for  diameters  of  |  in.  and  smaller.  The  dash  and  dot 
curve  of  the  diagram  is  for  the  Pratt  &  Whitney  standard  thread  for 
machine  screws  and  is  substantially  what  most  shops  use  for  screws 
having  diameters  in  fractions.  As  this  standard  nearly  coincides 
with  the  standard  recommended  by  the  Machine  Screw  Committee 
of  The  American  Society  of  Mechanical  Engineers,  which  gives  better 
and  more  uniform  proportions,  it  should  be  discarded  wherever 
possible  in  favor  of  the  latter.  Likewise,  it  seems  advisable  to  stop 
the  United  States  standard  at  a  diameter  of  ^  in.  instead  of  at  a 
diameter  of  \  in.,  following  the  new  standard  of  the  Committee  of  the 
A.  S.  M.  E.,  for  sizes  below  ^  in.  diameter  and  inserting  suitable 
extra  sizes  in  this  new  standard  to  care  for  such  fractional  sizes  as  are 
not  at  present  included  in  it. 

2  It  is  apparent  from  the  figure  that  the  United  States  standard 
is  better  from  ^  in.  up  than  the  A.  S.  M.  E.  sizes,  hence  there  is  noth- 
ing to  be  gained  by  continuing  the  latter  above  this  point. 

3  To  manufacturers  of  parts  or  accessories  for  automobiles,  the 
problem  of  using  the  standard  of  the  Association  of  Licensed  Automo- 
bile Manufacturers  presents  itself.  Inspection  of  the  diagram  shows 
that  this  standard  is  not  adapted  for  combining  with  the  other  stand- 
ards. Also,  while  it  is  undoubtedly  very  good  for  use  where  excessive 
vibration  is  encountered,  it  is  not  suitable  for  general  use.  The 
Veeder  Manufacturing  Co.,  Hartford,  Conn.,  furnishes  nearly  all  the 
odometers  used  on  automobiles  and  at  the  same  time  manufactures 
large  numbers  of  counters  for  use  on  machinery,  and  they  have  had 
to  consider  all  these  standards.    This  diagram  was  used  to  study  the 

Presented  at  the  Detroit  Meeting  (June  1908)  of  The  American  Society  of 
Mechanical  Engineers. 
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problem  and  as  it  may  be  of  service  to  others,  it  is  brought  to  the 
attention  of  the  Society. 

DISCUSSION 

Mr.  Luther  D.  Burungame  There  seems  to  be  a  persistent 
demand  for  screw  threads  of  a  finer  pitch  than  those  derived  from  the 
formula  for  the  U.  S.  or  Franklin  Institute  standard. 

2  This  demand  has  been  met  by  the  automobile  manufacturers 
by  the  adoption  of  a  standard  having  radically  finer  pitches  than 
the  U.  S.  standard.  This  new  standard,  however,  does  not  meet  the 
more  important  needs  of  machine  tool  builders  and  other  manufac- 
turers having  similar  conditions  to  deal  with,  for  use  as  a  standard  for 
bolts,  screws,  studs,  etc.,  as  the  thread  is  too  fine  where  used  in  cast- 
ings as  well  as  in  steel. 

3  That  the  U.  S.  standard  has  too  coarse  a  thread  to  give  the  best 
results  on  the  class  of  work  just  referred  to  has  been  repeatedly  pointed 
out.  The  Brown  &  Sharpe  Manufacturing  Company  discarded  it 
30  years  ago  and  have  since  used  a  standard  of  their  own  with  a 
finer  pitch  covering  sizes  from  1  in.  diameter  down  to  ^  in.,  the  pitch 
of  the  threads  being  intermediate  between  the  U.  S.  standard  and  the 
new  automobile  standard,  called  the  A.L.A.M.  standard. 

4  In  the  discussion  of  the  paper  by  Mr.  Chas.  C.  Tyler  at  the 
Boston  meeting  of  the  Society  in  1902,  at  least  five  different  formu- 
lae were  suggested  for  obtaining  finer  threads.  All  those  taking 
part  in  the  discussion  favored  finer  threads  for  the  small  sizes  of  screws. 
Mr.  Wilfred  Lewis  said  at  that  time:  'The  pitch  of  the  standard  J  in. 
screw  is  generally  admitted  to  be  too  coarse  and  many  taps  and  dies 
for  this  size  are  now  made  with  24  threads  to  the  inch  instead  of  20.'' 
The  pitches  recommended  by  the  Committee  on  Standard  Proportions 
for  Machine  Screws  are  a  good  average  of  the  pitches  up  to  and 
including  f^  in.  diameter  recommended  by  the  diflferent  authorities 
at  the  Boston  meeting.  That  these  pitches  of  the  A.  S.  M.  E. 
standard  come  midway  between  those  in  use  by  the  Brown  &  Sharpe 
and  Pratt  &  Whitney  companies  for  the  small  sizes  from  J  in.  down 
to  A  in.  is  a  good  indication  that  they  give  a  fair  average; 

5  The  suggestion  now  made  in  Mr.  Trowbridge's  paper  that  the 
A.  S.  M.  E.  standard  for  pitches  should  be  generally  adopted  for  these 
small  screws  seems  in  the  right  direction.  He  also  points  out  the 
objection  to  the  U.  S.  standard  as  being  too  coarse  for  sizes  below 
A  in.  and  recommends  a  standard  that  is  finer. 
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6  Mr.  Chas.  T.  Porter  has  consistently  and  ably  urged  the  adop- 
tion of  finer  threads  and  gave  his  reasons  in  a  paper  presented  before 
the  Society  at  the  New  York  meeting  in  1902  and  has  continued  to  urge 
it  since.  Arguments  in  favor  of  using  a  finer,  thread  for  the  regular 
machine  screws  up  to  1  in.  are  that  the  screw  is  stronger  and  the  tap- 
ping cheaper. 
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Fig.  1    Curve  Proposed  by  Author 

7  The  British  Engineering  Standards  Committee  have,  within  a 
few  years,  adopted  a  standard  for  fine  threads  to  provide  for  the  same 
need  that  has  been  pointed  out  as  existing  in  this  country. 

8  With  Mr.  Trowbridge's  suggestion  as  a  starting  point,  it  seemed 
possible  that  a  formula  might  be  devised  that  would  follow  the  A.  S. 
M.  E.  standard  as  far  as  the  i^in.  size  and  for  larger  sizes  give  a  new 
series  of  pitches  intermediate  between  the  U.  S.  standard  and  the 
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A.LA.M.  standard,  thus,  by  making  one  formula  cover  the  whole 
ground,  "  killing  two  birds  with  one  stone,"  as  it  were. 
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Fio.  2    CuBYE  FOR  Pitches  Intbrmsdiatb  Bbtwbbn  U.  S.  and  A.  L.  A.  M. 

Standards 

9    I  have  succeeded  in  deriving  such  a  formula  and  it  produces  the 
curve  shown  in  diagram  No.  1,  the  formula  being 

4.7  D 

When  N  =  the  number  of  threads  per  inch 
and    D  «  the  outside  diameter  of  the  screw. 
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10  This  curve  follows  the  pitches  of  the  A.  S.  M.  E.  standard  up 
to  A  ^^'  diameter  as  closely  as  the  curve  produced  by  their  published 
formula.  That  this  is  possible  is  due  to  the  fact  that  the  committee 
departed  from  their  exact  formula  sufficiently  to  give  even  pitches 
and  still  further  to  retain  some  of  the  pitches  already  in  use. 


TABLE  I    COMPARATIVE  TABLE  OF  PITCHES 
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11  Commencing  at  J  in.  the  new  formula  gives  a  series  of  pitches 
intermediate  between  the  U.  S.  standard  and  the  A,  L.  A.  M.,  as 
shown  in  diagram  No.  2  and  the  accompanying  table.  If  it  should 
not  be  considered  objectionable  to  use  odd  numbers  of  threads,  the 
series  would  follow  the  formula  almost  exactly.  My  preference, 
however,  would  be  to  depart  from  the  formula  to  the  extent  necessary 
to  keep  the  pitches  in  even  figures,  as  was  done  when  the  A.  S.  M.  E. 
and  A.  L.  A.  M.  standards  were  established. 
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FORMULAS 

U.  S.  Standard 

p        v/16/)  +  10  -  2.909 
16.64 


P  «  0.24  >/  D  +  0.626  -  0.175 
British  fine  standard 


Up  to  1  inch  in  diameter 


Above  1  inch  in  diameter 


P 


10 


P  .  i^^' 

10 


Bond  standard 


P  =  0.23  V  D  +  0.625  -  0.175 
Lewis  standa  d 


P  -0.22>/i)  +  0.25  -  0.11 
Proposed  intermediate  standard 


4.7 
5.5  + 

P  - 


iSr  =.  5.5  +   ^    or 


5.5i>  +  4.7 

12  The  new  formula  here  presented  gradually  diverges  from  the 
A.S.  M.  E.  standard  for  sizes  larger  than  ^  in.,  for  that  standard  soon 
crosses  the  line  of  the  U.  S.  standard  and  becomes  even  coarser  than 
the  U.  &.  standard  beyond  A  in.  as  seen  in  Mr.  Trowbridge's  diagram. 

13  The  proposed  standard  has  this  to  commend  it,  that  it  is  simply 
an  extension  of  an  already  established  standard  rather  than  the  adding 
of  an  entirely  new  one.  It  is  one  that  would  give  a  proper  propor- 
tion of  diameter  to  pitch  for  sizes  from  the  smallest  watch  screws  up 
to  the  largest  bolts  and  screws. 

14  While  on  general  principles  I  "hesitate  to  suggest  anything 
which  would  seem  to  add  to  the  number  of  standards  for  screws,  I 
feel  that  sooner  or  later  this  problem  will  have  to  be  dealt  with  and  if 
it  is  authoritatively  done  by  the  Society,  it  will  be  settled  once  for  all. 

Mr.  F.  a.  Halsey  Tliere  is  no  doubt  but  that  there  is  need  of  a 
standard  for  fine  screw  threads.  Under  the  present  conditions,  as  time 
goes  on,  people  will  adopt  standards  of  their  own,  and  eventually 
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there  will  be  great  diversity.  Under  these  circumstances  it  seems 
wise  to  take  action  on  this  matter  and  establish  a  standard  that  will 
be  generally  adopted.  Mr.  Burlingame  has  opened  the  subject,  and 
I  move  that  a  committee  be  appointed  to  consider  the  matter. 
[The  motion  was  seconded  and  carried. — Editor.] 

Mr.  Ghas.  T.  Porter  Three-quarters  of  a  century  ago  in  Eiig- 
land  machine  screw  threads  were  in  a  state  of  chaos.  Each  builder 
of  machinery  had  a  system  of  his  own.  This  condition  was  cherished 
by  these  builders  because  it  rendered  it  necessary  that  the  customers 
of  each  one  should  come  to  him  for  their  repairs. 

2  The  man  for  the  hour  was  Joseph  Whitworth.  EDs  compre- 
hensive mind  formed  the  really  grand  conception  of  a  uniform  or 
universal  syBtem  of  machine  screw  threads,  a  feature  the  value  of 
which  is  incalculable.  In  order  to  procure  the  adoption  of  his  system, 
he  found  it  necessary  to  make  it  the  mean  of  all  existing  systems.  I 
was  told  by  Mr.  Whitworth  himself  that  but  for  this  feature  he  would 
never  have  succeeded  in  procuring  its  adoption.  So  the  Whitworth 
thread  was  a  compromise,  but  he  established  the  one  thing  of  supreme 
importance,  which  was,  uniformity. 

3  The  Whitworth  thread  was  copied  by  American  mechanics 
without  change  so  far  as  the  pitches,  or  numbers  of  threads  to  the 
inch,  were  concerned.  In  the  form  of  the  thread,  the  Americans  made 
two  changes,  one  a  step  forward,  the  other  a  long  step  backward. 
The  first  was,  changing  the  angle  of  the  thread  from  54  deg.  to  60 
deg.,  an  angle  which  can  be  readily  originated  and  verified  with  accu- 
racy, and  can  also  be  bisected,  assuring  the  same  angle  to  each  side  of 
the  thread,  both  which  points  were  extremely  difficult  with  the  54- 
deg.  angle.  The  step  backward  was,  abandoning  the  round  top  and 
bottom  of  the  Whitworth  thread,  and  continuing  the  sides  of  the 
thread  to  a  sharp  edge  at  the  top  and  bottom. 

4  In  the  year  1864,  Mr.  William  Sellers  presented  to  the  Franklin 
Institute  in  Philadelphia  his  important  and  now  familiar  improve- 
ment, of  making  the  top  and  bottom  of  the  thread  flat  surfaces,  the 
width  of  which  is  one-eighth  of  the  pitch. 

5  In  1868,  on  retm*ning  from  England  and  commencing  the  manu- 
facture of  the  Allen  Engine  in  a  little  shop  in  Harlem,  I  adopted  the 
Sellers  thread,  obtaining  the  necessary  hobs  from  the  firm  of  Wm. 
Sellers  &  Co.  I  also  imported  from  England  a  set  of  cylindrical 
gauges,  and  a  remarkable  bolt-threading  machine,  both  made  by  the 
celebrated  firm  of  Smith  &  Coventry.     Thus  I  was  equipped  for  cut- 
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ting  threads  on  this  system  with  extreme  accuracy,  in  pitch,  in  form 
of  thread,  and  in  diameter. 

6  The  Sellers  thread  was  an  important  improvement  in  three 
respects.  It  avoided  the  sharp  edges  at  the  top  and  bottom  of  the 
American  thread,  which  were  most  objectionable.  It  increased  the 
diameter  of  the  bolt  at  the  bottom  of  the  thread  by  the  aggregate 
height  of  four  of  the  triangles  which  were  cut  off  from  the  top  and 
bottom,  and  it  divided  the  acute  angle  of  60  deg.  into  two  obtuse 
angles  of  120  deg.  each. 

7  The  Sellers  improvement  did  not  affect  the  pitches  of  the  thread. 
These  remained  as  originally  fixed  by  Mr.  Whitworth.  Now  for  the 
first  time  the  question  of  the  real  merit  of  the  Whitworth  thread  in 
this  latter  respect  presents  itself,  and  it  is  found  that  it  has  no  merit; 
that  it  is  radically  objectionable  and  ought  to  be  abolished,  for  two 
reasons.  First,  it  cuts  into  the  bolt  twice  as  deeply  as  is  necessary, 
sacrificing  unnecessarily  about  20  per  cent  of  its  strength,  and,  sec- 
ondly, it  is  inclined  twice  as  much  as  it  ought  to  be,  making  it  impos- 
sible to  tighten  the  nut  properly,  and  rendering  it  easy  for  this  to 
jar  loose  when  exposed  to  even  slight  vibration. 

8  In  the  years  between  1890  and  1900,  I  projected  a  considerable 
advance  in  the  high-speed  reciprocating  engine,  and  devoted  much 
time  to  the  study  of  plans  for  this  engine.  These,  owing  to  the  appear- 
ance of  the  turbine,  have  been  laid  on  the  shelf,  where  they  seem  likely 
to  remain.  Notwithstanding  what  I  believe  to  be  their  very  great 
advantages,  it  is  certain  that  the  psychological  moment  for  taking 
them  down  from  the  shelf  has  not  yet  arrived — ^perhaps  it  never  will. 
My  reason  for  referring  to  this  project  in  this  connection  is,  that  I 
became  very  deeply  impressed  with  the  utter  unfitness,  for  the  rea- 
sons above  stated,  of  the  coarse  Whitworth  threads  for  use  in  these 
engines.  I  spent  much  time  in  stud5dng  a  system  of  finer  threads 
by  which  these  glaring  defects  inherent  in  the  coarse  threads  would 
be  avoided. 

9  This  system  of  finer  threads,  I  presented  in  a  brief  paper  to  the 
Society  at  the  December  meeting,  1902.  The  proposed  system  cov- 
ered the  whole  ground  of  the  Whitworth  threads  from  the  J-in.  bolt 
to  the  6-in.  bolt.  In  the  former  I  made  only  a  slight  change,  increas- 
ing the  number  of  threads  per  inch  from  20  to  24.  In  the  6-in.  bolt 
the  change  made  was  more  radical,  increasing  the  number  of  threads 
per  inch  from  2J  to  6.  These  extreme  points  were  united  by  a  series 
of  nine  steps,  omitting  the  odd  numbers  of  threads  to  the  inch.  I 
am  inclined  to  think  now  that  this  omission  was  not  called  for,  and  I 
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will  recommend  a  series  of  18  steps,  of  which  8  are  between  the  J-in. 
bolt  and  the  1-in.  bolt,  and  the  remaining  10  are  symmetrically  dis- 
tributed between  the  1-in.  bolt  and  the  6-in.  bolt.  It  will  be  obser\e(l 
that  no  change  was  made  in  the  thread  itself.  I  only  cut  smaller 
Sellers  threads  on  larger  bolts. 

10  At  the  1-in.  bolt,  the  number  of  threads  in  the  proposed  sys- 
tem is  16  to  the  inch,  just  twice  the  present  number.  This  affords  an 
excellent  opportunity  for  comparing  the  proposed  system  with  the 
present  one.  Let  us  suppose  a  line  to  be  drawn  through  the  middle 
of  the  present  thread  from  end  to  end.  This  line  then  becomes  the 
bottom  line  of  the  proposed  thread.  The  portion  of  the  present 
thread  inside  this  median  line  will  be  found  to  be  worse  than  useless. 
I^ing  nearer  to  the  axis,  its  hold  is  more  feeble;  also  for  the  same 
reason,  its  inclination  is  greater.  It  is  the  first  to  arrest  tightening, 
and  the  first  to  let  go.  For  these  reasons  its  abolishment  would  be  an 
important  gain.  That  portion  of  the  thread  outside  the  median  line 
will  have  only  one-half  the  inclination  and  will  be  double  in  its  extent; 
thus  the  ability  of  the  nut  to  hold  fast  under  vibration  will  be  increased 
400  per  cent,  from  the  fact  that  it  has  twice  the  holding  surface  with 
i  the  inclination,  but  in  addition  to  this,  we  are  rid  of  that  half  of  the 
thread  inside  the  median  line,  with  its  disadvantages  already  men- 
tioned. 

11  It  has  been  objected  to  this  thread  that  it  is  not  adapted  to 
cast-iron  and  steel.  I  consider  this  objection  to  be  a  mere  dictum 
without  any  foundation  in  fact.  For  three-quarters  of  a  century 
the  J-in.  bolt  has  had  16  threads  to  the  inch.  Did  any  one  ever  hear 
of  the  objection  to  the  J-in.  bolt,  that  it  was  not  suited  for  cast-iron 
and  steel?  I  voice  the  universal  answer,  never!  This  bolt  is  per- 
fectly adapted  for  use  on  cast-iron  and  steel;  but  if  16  threads  to  the 
inch  are  so  adapted  on  the  f-in.  bolt,  then  they  will  be  equally  well 
adapted  on  any  bolt  on  which  we  may  wish  to  cut  them. 

12  It  is  objected  again  that  these  fine  threads  will  strip.  The 
answer  is,  that  they  will  not  strip.  On  the  contrary,  they  are  stronger 
than  the  coarse  threads  to  resist  stripping,  for  the  reason  that  the 
circle  on  which  the  shear  must  take  place  is  of  larger  diameter. 

13  Finally,  it  is  objected  that  they  will  wear  away  easily.  On 
this  point  I  have  had  a  remarkable  opportunity  in  my  stone-dressing 
machine  to  show  that  wear  is  a  (juestion  of  material  and  not  of  sur- 
face. This  experience  is  fully  described  in  my  Engineering  Remi- 
niscences. The  bolts  by  which  the  tools  were  held  in  the  tool  holders 
were  of  wrought-iron,  while  the  tool  holders  themselves  were  of  steel. 
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These  bolts,  f  in.  in  diameter,  were  loosened  and  tightened  90  times 
every  day  through  two  years  of  service.  At  the  end  of  that  time, 
these  bolts  were  as  good  fits  as  they  were  at  the  beginning,  the  reason 
being  that  the  molecules  of  iron  and  steel  do  not  interlock,  while  those 
of  steel  on  steel  do  interlock;  as  shown  in  the  case  of  the  same  tool 
hoklers,  the  adjacent  surfaces  of  which  were  very  soon  torn  to  rags, 
while  the  end  surfaces  running  in  contact  with  cast-iron  were  only 
polished,  without  sensible  reduction  of  either  the  steel  or  the  cast- 
iron.  This  freedom  of  the  different  materials  from  wear  is  accent- 
uated by  the  fact  that  no  oil  was  used  on  these  bolts,  none  being 
allowed  where  it  might  accidentally  drip  on  the  stone.  The  only 
lubricant  of  these  bolts  was  stone-dust.  The  present  system  of  using 
iron  nuts  on  steel  bolts,  therefore,  secures  immunity  from  wear, 
irrespective  of  the  extent  of  surface;  but  the  surfaces  in  contact  are 
also  larger  in  the  finer  threads. 

14  The  responsibility  is  now  before  the  Society  of  preserving  the 
great  feature  of  uniformity.  It  is  obvious  that  this  duty  will  not  be 
performed  by  adhering  to  a  system  which  is  already  being  abandoned. 
.Another  chaos  is  now  upon  us.  The  automobile  manufacturers  have 
adopted  a  finer  thread,  almost  identical  with  the  one  proposed  by 
me,  extending  from  the  J-in.  bolt  to  the  1-in.  bolt,  which  is  the  largest 
bolt  employed  by  them.  The  English  engineers  have  become  alive 
to  the  need  of  finer  screw  threads  and  have  set  about  supplying  this 
need  in  a  very  timid  fashion.  For  example,  they  have  increased  the 
number  of  threads  for  the  1-in.  bolt  from  8  to  10,  giving  an  increase 
in  the  strength  of  the  bolt  and  an  improvement  in  the  security  of  the 
nut  which  is  so  small  as  to  be  ridiculous. 

15  Mr.  Burlingame  proposes  a  medium  increase  in  the  number  of 
threads,  and  he  lands  in  the  same  hole  with  the  English,  10  threads 
instead  of  8  for  a  1-in.  bolt,  where  the  system  proposed  by  him  stops. 
Two  of  our  great  tool  builders  have  adopted  threads  of  their  own, 
which  are  being  largely  copied. 

16  Mr.  Trowbridge  gives  the  whole  case  away  in  the  following 
words,  "  Finer  threads  are  undoubtedly  very  good  for  use  where 
excessive  vibration  is  encountered,  but  are  not  suitable  for  general 
use."  This  in  effect  recommends  two  systems;  one  adapted  to  resist. 
Wbration  and  the  other  not.  This  suggests  a  big  hole  for  the  old  cat, 
and  a  little  hole  for  the  kittens.  Hut  it  defies  the  fundamental  law 
of  machine  construction,  '^Always  provide  for  the  extreme  case,  we 
cannot  know  when  it  may  arise. "  That  finer  threads  are  not  suit- 
able for  general  use  means  only  that  we  are  not  yet  accustomed  to 
them. 


Digitized  by  VjOOQIC 


384  COMPARISON  OF  SCREW  THREAD  STANDARDS 

17  When  the  railroads  learn  the  advantages  of  finer  threads,  they 
will  not  be  strewing  lost  nuts  and  broken  bolts  over  their  roadways 
much  longer,  and  will  not  keep  men  employed  perpetually  in  tighten- 
ing fishplate  nuts. 

The  finer  screw  thread  system  is  before  the  world.  This  Society 
may  take  the  lead  in  its  adoption. 

The  Author  The  proposition  of  Mr.  Burlingame  to  establish  a 
new  standard  thread  does  not  appear  attractive.  Actually  it  matters 
very  little  whether  a  single  formula  is  used  to  cover  the  range  of 
threads  or  more  than  one.  For  some  years  the  great  majority  of 
manufacturing  concerns  have  been  using  the  U.  S.  standard  thread  for 
most  of  their  work.  To  introduce  a  new  standard  to  replace  the  old 
would  cause  a  great  deal  of  confusion  and  expense.  The  best  solu- 
tion of  the  matter  seems  to  be  the  adoption  of  an  entirely  separate 
thread  for  sizes  i  in.  in  diameter  and  over,  called  the  U.  S.  fine  thread. 
This  could  be  made  enough  finer  than  the  present  standard  to  meet 
the  demands  of  the  automobile  manufacturers  ^nd  others  who  cannot 
use  that,  and  yet  be  coarse  enough  to  serve  for  the  machine-tool 
builders. 

2  In  view  of  the  action  taken  by  the  Society  in  adopting  the 
motion  of  Mr.  Halsey,  that  a  committee  be  appointed  to  consider  the 
question  of  a  standard  for  fine  threads,  it  seems  desirable  to  leave  to 
that  committee  the' consideration  of  the  exact  standard  to  be  adopted. 

3  Mr.  Portfer  suggests  an  extreme  departure  from  the  present 
"established"  standard  thread.  He  evidently  intends  to  overlook 
the  remark  of  Mr.  Whitworth,  who  says :  *^  But  for  this  feature  he  would 
never  have  succeeded  in  procuring  its  adoption. " 

4  The  "  feature  "  was  that  Whitworth's  proposed  thread  was  only 
slightly  different  from  the  thread  then  in  use.  We  can  safely  start 
any  attempt  to  better  the  standard  thread  with  one  assumption  in 
mind;  i.e.,  the  U.  S.  standard  thread  is  now  in  almost  tmiversal 
use  in  this  country  and  will  undoubtedly  continue  so  for  many  years. 
Starting  from  this  basis,  we  can  see  only  one  possible  hope  of  getting 
finer  standard  threads  and  that  is,  the  adoption  of  a  U.  S.  fine  thread. 

5  Mr.  Porter  advocates  a  very  radical  fine  thread  and  his  argu- 
ments in  favor  of  it  are  good.  He  does  not  tell  us  how  to  get  the 
manufacturers  to  use  it,  however:  so  we  had  better  try  for  the  two 
systems,  even  if  it  does  appear  to  provide  "  a  big  hole  for  the  old  eat 
and  a  little  hole  for  the  kittens."  The  kittens  grow,  provided  they 
are  healthy  and  well  fed,  and  perhaps  the  fine  thread  will  have  as 
happy  a  future. 
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THE  BY-PRODUCT  COKE  OVEN 

Bt  William  Hutton  BLAUVBin^,  Syracuse,  N.  Y. 
Member  of  the  Society 

Coke  is  the  product  of  the  dry  distillation  of  bituminous  coal,  or  in 
other  words,  coke  is  the  solid  residue  remaining  after  bituminous  coal 
has  been  heated  in  a  closed,  or  partially  closed,  chamber  until  all  of 
the  volatile  matter  has  been  driven  off.  This  volatile  matter  consists 
mainly  of  tarry  matter,  gas  and  ammonia,  familiarly  known  as  by- 
products. The  quality  and  quantity  of  the  coke  and  the  by-products 
vary  considerably  with  the  quality  of  the  coal.  In  this  country 
coals  similar  to  those  from  the  Pocahontas  region,  containing  from 
16  to  18  per  cent  of  volatile,  stand  at  one  end  of  the  list,  and 
produce  the  maximum  yield  of  coke  and  the  minimum  yield  of  by- 
products. On  the  continent  of  Europe  some  coals  are  coked  contain- 
ing not  more  than  13  per  cent  of  volatile  matter.  At  the  other  end 
of  the  list  stand  the  highly  gaseous  coals,  which  contain  as  much  as 
38  or  40  per  cent  of  volatile  matter  and  yield  correspondingly  small 
amounts  of  coke. 

2  Good  coke  has  a  clearly  defined  cellular  structure,  with  hard 
cell  walls,  the  cells  being  small  in  size,  and  comprising  about  55  per 
cent  of  the  total  volume  of  the  coke,  so  that  its  bulk  for  a  given  weight 
is  about  twice  as  great  as  that  of  broken  anthracite  coal.  The  well 
developed  cellular  structure  and  the  hard  cell-walls  are  important  in 
the  use  of  coke  for  metallurgical  purposes,  and  account  for  its  superior- 
ity in  blast  furnace  work,  for  example,  over  anthracite  coal,  which 
was  formerly  the  principal  blast  furnace  fuel.  The  cellular  structure 
presents  a  large  surface  to  the  oxidation  of  the  air,  producing  rapid 
combustion,  while  the  firm  cell-wall  prevents  crushing  and  maintains 
an  open  fuel  bed.  The  specific  gravity  of  a  good  quality  of  standard 
coke  is  about  1.7  to  1.9. 

3  Many  investigators  have  attempted  to  discover  the  substance 
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which  makes  coal  coke,  with  a  view  to  detennining  why  some  coals 
will  coke  and  others  will  not.  A  French  chemist,  Mr.  Lemoine, 
believes  that  he  has  isolated  this  substance  and  gives  it  the  name  of 
"carbene."  It  is  a  black  solid  friable  material  tending  toward 
crystallization,  having  the  formula  CuHj^Ob.  Experience  has  demon- 
strated that  coals  which  are  high  in  oxygen  are  usually  deficient  in 
coking  qualities,  and  either  will  not  coke  at  all,  or  produce  a  coke 
having  a  weak,  friable  structure.  As  will  be  shown  later,  many  coab 
which  produce  very  indifferent  coke  under  ordinary  conditions,  by 
proper  treatment  can  be  made  to  yield  a  good  metallurgical  coke. 

4  The  production  of  coke  in  this  coimtry  has  grown  very  rai^dly 
during  the  last  decade,  as  is  indicated  by  the  following  figures.  The 
column  showing  the  production  from  by-product  ovens  indicates  that 
the  growth  of  this  branch  of  the  industry  has  been  fairly  rapid, 
although  several  conditions  have  united  to  check  it  during  the  last 
few  years. 

TABLE  1  PRODUCTION  OF  COKE,  NET  TOMB 


Total 

From 

ParMBtacBof 
eok» 

1897 

13  288  984 
16  047  209 

19  668  569 

20  533  348 

21  795  883 

25  401  730 
25  274  281 
23  661  106 
32  231  129 
36  401  217 

261  912 
294  445 
906  534 

1  075  727 
1  179  900 

1  403  588 

1  882  394 

2  608  229 

3  462  348 

4  558  127 

1.07 

1898 

1.87 

1899 

4.61 

1900 

6.94 

igOl 

6.41 

1902 

6.58 

1903 

7.45 

1904 

11.02 

1905 

10.74 

1906 

12.53 

In  the  Above  figuree  ooke  from  gas  works  ie  not  inoluded. 

6  A  little  study  shows  at  once  that  the  several  types  of  coke  ovens 
have  sprung  from  three  "root  forms,"  the  beehive  oven,  developed 
from  the  mound  of  the  charcoal  burners;  the  Goppte  oven,  with  its 
vertical  side  heating  flues,  and  long  narrow  coking  chamber;  and  the 
Knab-Garv^,  with  the  same  narrow  coking  chamber  and  with  hori- 
zontal side  flues. 

6  In  the  beehive  oven  the  coal  is  coked  in  a  flat  layer,  say  12  feet 
in  diameter,  and  about  24  to  26  inches  thick.  In  the  retort  oven  the 
coal  lies  in  a  long  narrow  chamber  from  30  to  40  feet  long,  from  6 
feet  to  8  feet  high,  and  from  16  inches  to  22  inches  wide.  The  ess^i- 
tial  distinction  between  the  beehive  and  retort  oven  processes  is  that 


Digitized  by  VjOOQIC 


TAB   BT-PBODUCT  COKB   OYBN  387 

in  the  former  the  combustion  which  produces  the  heat  for  coking  the 
coal,  takes  place  within  the  coking  chamber,  above  the  coal.  Air  is 
admitted  at  the  front  door,  and  the  products  of  combustion  escape 
throu^  a  hole  in  the  roof.  In  the  retort  oven  the  heat  is  generated 
by  the  combustion  of  gas  in  flues  in  the  side  walls:  the  heat  passes 
throu^  the  walls  into  the  coking  chamber,  but  the  products  of  com- 
bustion and  the  air  are  carefully  excluded  from  the  coking  chamber. 
In  the  latter  process,  therefore,  there  is  a  true  distillation  of  the  coal, 
while  in  the  former  (the  beehive  oven)  the  admission  of  air  materially 
changes  the  composition  of  the  tars  so  that  they  are  richer  in  the  oils 
and  parafl&nes,  more  like  the  tar  produced  from  the  Scottish  blast 
furnaces,  for  example,  where  raw  coal  is  used  in  place  of  coke.  The 
admission  of  the  air  reduces  the  value  of  the  tar  products,  as  well  as 
the  quantity,  and  also  destroys  practically  all  the  ammonia.  The 
tar  from  the  closed,  or  retort  oven,  on.  the  other  hand,  contains  con- 
fflderable  quantities  of  benzene,  naphthalene,  and  anthracene,  and 
other  of  the  aromatic  hydrocarbons  which  have  given  coal  tar  its 
great  value  in  the  manufacture  of  so  many  organic  compoimds,  dyes, 
drugs,  etc. 

7  The  retort  oven  may  be  arranged  to  recover  the  by-products 
from  the  distillation*  of  the  coal,  or  not,  depending  upon  the  market 
conditions  and  the  quality  of  the  coal  coked.  The  coking  process  is 
essentially  the  same  in  both  cases,  except  that  when  the  by-products 
are  not  recovered  the  gas  from  the  coal  is  led  directly  to  the  oven 
flues,  while,  when  they  are  to  be  saved,  the  gas  coming  from  the  ovens 
is  cooled  and  scrubbed  to  free  it  from  the  tar  and  ammonia,  and  is  then 
returned  to  the  oven  flues.  In  both  cases  regulation  is,  of  course, 
necessary,  so  that  a  suitable  amoimt  of  gas  is  admitted  to  the  flues 
to  carry  on  properly  the  coking  process. 

8  The  author  has  given  in  some  detail,  in  Mineral  Industries, 
volume  4,  page  215,  the  various  steps  of  the  development  of  by- 
product ovens  from  the  earliest  types  of  the  beehive  oven,  and  the 
various  forms  in  use  in  Europe.  As  our  interest  is  rather  in  the  by- 
product oven  as  it  exists  today  in  this'coimtry,  this  discussion  will  be 
confined  to  the  types  which  have  representatives  here. 

9  The  beehive  oven  is,  in  general,  familiar.  Fig.  1  shows  its 
ordinary  form.  As  now  built  it  is  about  12  feet  in  diameter  inside, 
and  about  6  feet  9  inches  high  to  the  top  of  the  domed  roof.  The 
ovens  are  built  in  single  or  in  double  rows,  banked  together  with 
masonry  to  prevent  loss  of  heat.  A  charge  of  about  six  tons  of  coal 
is  delivered  by  larry  through  a  hole  in  the  roof.    Each  charge  of  coal 
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is  fired  from  the  heat  remaining  in  the  walls  from  the  preceding 
charge;  the  air  for  combustion  enters  at  the  front  door,  the  products 
of  combustion  escaping  through  the  charging  hole  in  the  roof,  pro- 
ducing the  "pillar  of  cloud  by  day  and  pillar  of  fire  by  night"  familiar 
to  travelers  in  our  coke  regions.  When  the  operation  is  complete, 
the  coke  is  quenched  with  water  by  means  of  a  pipe  introduced 
through  the  front  door,  and  after  cooling,  the  coke  is  drawn,  either  by 
hand  or  by  machine,  to  the  wharf  in  front  of  the  ovens,  whence  it 
is  loaded  into  cars.  The  labor  of  drawing  the  ovens  is  the  most 
expensive  and  laborious  item  connected  with  the  operation,  and  much 
study  has  been  given  to  devices  for  drawing  the  coke.     A  machine 


Fig.  1     Section  op  Beehive  Oven 

recently  developed,  which  promises  permanent  success,  is  shown 
in  Fig.  2.  It  will  be  noted  that  it  is  arranged  to  travel  on  a  track 
in  front  of  the  ovens,  and  whiBn  the  oven  is  open  and  the  arm  thrust 
in,  the  coke  is  pulled  out  on  the  conveyor  shown  in  the  illustration, 
which  automatically  delivers  almost  the  entire  contents  of  the  oven 
directly  into  the  railroad  car. 

10  The  coking  process  occupies  from  48  to  72  hours,  so  that  the 
output  of  a  beehive  oven  is  from  1.5  to  2  tons  of  coke  per  day.  The 
United  States  Geological  report  for  1905  gives  394.8  tons  as  the 
average  output  per  active  oven  in  that  year.  The  beehive  oven  has 
been  carried  to  its  highest  perfection  in  this  country,  and  the  above 
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mentioned  drawing  and  loading  apparatus  is  only  one  among  the 
comparatively  recent  improvements. 

11  The  use  of  silica  brick  in  the  construction  of  the  beehive  oven 
has  become  quite  general,  and  is  a  distinct  step  in  advance,  notwith- 
standing that  the  general  experience  with  silica  brick,  in  regard  to 
its  rapid  destruction  when  suddenly  cooled,  caused  nearly  all  coke 
manufacturers  to  be  very  skeptical  regarding  its  use  until  it  had 
actualy  been  tried. 

12  lln  the  present  condition  of  our  iron  industry,  subject  as  it  is 
to  extreme  fluctuations,  the  beehive  oven  has  certain  advantages.  It 
is  quickly  built  and  at  relatively  low  cost,  and  the  labor  required  for 
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Fig.  2    Coke  Drawbr  and  Loader  for  Beehive  Ovenb 

operation  is  of  low  grade;  it  may  be  put  out  of  run  at  relatively 
small  loss  during  the  periods  of  industrial  depression,  and  it  can  be 
started  up  again  with  ease  after  a  shutdown.  But  with  changed 
conditions  the  iron  industry  is  becoming  more  stable;  and  moreover, 
the  coals  which  were  especially  adapted  for  use  in  the  beehive  oven 
are  becoming  more  and  more  scarce,  especially  with  the  approaching 
exhaustion  of  the  Connellsville  field.  There  are  very  large  deposits 
of  coal  in  this  country  which  are  not  well  suited  to  the  beehive  oven, 
but  which  under  proper  treatment  will  make  excellent  coke  in  the 
retort  oven.  In  many  sections  of  the  country  these  deposits  are  the 
natural  source  of  supply  for  important  metallurgical  plants.  In  this 
respect  the  case  is  similar  to  that  in  some  important  iron  districts  of 
continental  Europe,  where  the  available  coals  may  be  coked  only  in 
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the  narrow  retort  oven,  and  where  the  beehive  oven  has  long  sinoe 
entirely  disappeared.  It  is  especially  in  such  cases  that  our  attention 
is  turned  to  the  retort  or  by-product  oven.  This  is  essentially  a  long 
narrow  firebrick  chamber,  from  30  to  40  feet  long,  from  7  to  9  feet 
high,  and  from  16  to  20  inches  wide.  It  is  closed  at  each  end  by 
doors  lined  with  firebrick  and  usually  there  are  from  three  to  six 
holes  in  the  roof  through  which  the  coal  is  charged.  In  the  side  walb 
and  under  the  bottom  of  the  chamber  there  are  heating  flues  in  which 
is  burned  a  portion  of  the  gas  produced  by  the  distillation  of  the  coal, 
the  heat  passing  through  the  firebrick  walls  into  the  coal.  These 
heating  flues  are  arranged  sometimes  vertically  and  sometimes  hori- 
zontally. The  ovens  are  built  in  blocks  of  from  25  to  50  or  more. 
The  distillation  of  the  coal  in  this  tightly  closed  chamber  by  heat 
from  without,  forms  the  essential  characteristic  of  the  retort  oven. 

13  The  products  of  the  distillation  of  the  coal  pass  from  the  oven 
chamber  through  a  hole  in  the  roof  to  a  large  pipe,  or  main,  extending 
along  above  the  block.  In  some  designs  this  main  contains  some 
water  and  the  gas  is  forced  through  it  in  a  manner  similar  to  the 
hydraulic  main  of  the  gas  works.  The  distillate,  as  it  comes  from 
the  ovens,  consists  of  a  gas  similar  in  general  composition  to  ordinary 
illuminating  gas,  and  it  is  loaded  down  with  water  and  tar  vapors  and 
also  carries  ammonia.  If  the  tar  and  ammonia  are  to  be  recovered 
from  this  gas,  it  is  led  to  the  by-product  recovery  building  for  treat- 
ment. If  not,  a  proper  proportion  of  the  gas  is  returned  to  the  oven 
flues  and  burned  there  with  a  properly  regulated  supply  of  air.  The 
remainder,  if  any,  is  available  for  raising  steam.  The  air  is  usually 
preheated  either  by  regenerators,  similar  in  principle  to  those  of  the 
Siemens  furnace,  or  by  transmission  of  the  heat  through  thin  walls  of 
firebrick,  commonly  called  recuperation.  The  heat  for  preheating 
the  air  is  taken  from  the  hot  gases  leaving  the  oven  flues.  In  many 
plants  these  hot  gases,  after  giving  up  a  portion  of  their  heat  to  the 
air,  are  passed  under  boilers  for  raising  steam  for  operating  the  plant. 

14  In  the  plants  which  recover  the  by-products,  the  gas  coming 
from  the  main  is  treated  in  apparatus  similar  in  general  to  that  used 
in  the  manufacture  of  illuminating  gas.  The  temperature  is  reduced 
gradually,  so  as  to  avoid  the  shock  of  the  gas  with  a  consequent  predp- 
itationjof  naphthalene  and  the  lighter  hydrocarbons  which  form  the 
principal  illuminants  of  the  gas,  and  is  finally  brought  down  to  about 
the  temperature  of  the  atmosphere.  This  work  is  done  in  large  vessels 
cooled  either  by  air  or  by  water.  There  are  a  number  of  types  of 
these  coolers  or  condensers,  a  common  form  being  a  series  of  vertical 
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cylinders  containing  tubes  like  a  vertical  boiler.  Through  these  tubes 
water  is  circulated  which  cools  the  gas  progressively  as  it  passes  from 
one  vessel  to  another.  During  this  cooling  process  most  of  the  tarry 
matter  and  water  vapor  are  thrown  down,  the  latter  carr3ring  with  it 
considerable  quantities  of  ammonia. 

15  After  these  condensers  come  the  tar  extractor  and  then  the 
scrubbers,  whose  fimction  is  to  remove  the  remainder  of  the  apimonia 
and  tarry  vapor,  and  sometimes  also  the  benzol  and  cyanides.  The 
gas  is  drawn  from  the  ovens  and  forced  through  these  various  appa- 
ratus by  means  of  a  rotary  exhauster,  operated  either  by  a  steam 
aigbe  or  electric  motor.  The  ammonia  is  removed  in  a  scrubber 
which  may  be  of  the  "bubbling*'  or  of  the  "rotary"  type. 

16  The  "bubbling"  type  consists  essentially  of  a  vertical  cylinder 
containing  a  series  of  compartments  having  inverted  cups  or  bells 
with  serrated  edges  dipping  into  water,  so  arranged  that  the  gas 
bubbles  through  the  water  in  fine  streams,  passing  upward  through 
the  several  compartments.  Water  is  fed  in  at  the  top  and  runs  out 
at  the  bottom  as  ammonia  liquor  containing  from  one-half  to  two  per 
o^t  of  ammonia.  The  rotary  scrubbers  are  essentially  large  horizon- 
tal cylinders  with  a  shaft  nmning  through  them  horizontally.  On 
this  shaft  are  arranged  metal  sheets,  or  brushes,  or  wooden  slats  so 
disposed  as  to  offer  the  maximiun  amount  of  surface  to  the  gas  as  it 
passes  through  the  several  compartments  into  which  the  cylinder  is 
divided.  The  slow  revolution  of  the  shaft  keeps  the  surfaces  wet,  the 
lower  part  dipping  into  water  which  partially  fills  the  vessel.  Water 
is  fed  in  at  one  end  and  the  liquor  runs  out  at  the  other  in  the  same 
manner  as  in  the  other  apparatus. 

17  The  benzol  and  cyanide  scrubbers  are  similar  in  construction, 
but  instead  of  water,  heavy  oil  of  tar  or  petroleum  is  used  to  absorb 
the  benzol,  and  for  the  cyanides,  ferrous  sulphate  in  an  alkaline  solu- 
tion. After  this  treatment  the  gas  is  ready  to  be  returned  to  the  ovens 
for  heating  the  flues,  or  to  be  sent  out  for  use  in  gas  engines,  for  illumi- 
nating gas,  or  for  fuel,  as  market  conditions  determine.  If  it  is  to  be 
used  for  illuminating  purposes,  it  must  be  purified  of  its  sulphur  com- 
pounds in  a  similar  manner  to  illuminating  gas.  When  destined  for 
this  use  it  is  also  desirable  to  retain  all  of  the  illuminants.  The  removal 
of  benzol  is  therefore  omitted,  and  frequently  advantage  is  taken  of  the 
fact  that  in  the  distillation  of  coal  the  early  portion  of  the  distillation 
produces  gas  much  higher  in  illuminants  than  the  later  portion.  The 
gas  ipvping  from  the  ovens  is  therefore  arranged,  under  these  circum- 
stances, so  that  the  first  portion  of  the  gas  coming  off  from  each  oven. 
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say  during  the  first  six  or  eight  hours  of  the  coking  process,  shall  be 
kept  separate  from  the  remaining  portion,  lower  in  illuminants.  In 
some  plants  the  benzol  is  recovered  from  the  portion  carrying  the 
lower  illuminants,  which  is  to  be  used  for  heating  the  ovens,  and  when 
this  benzol  is  added  to  the  richer  portion,  a  gas  is  produced  of  much 
higher  candle  power  than  could  be  obtained  from  the  same  coal  in 
the  ordinary  gas  works,  for  example. 

18  The  tar  and  the  ammonia  liquor  recovered  from  the  various 
operations  just  described  are  collected  in  large  tanks,  and  separated  by 
the  difference  in  their  specific  gravities.  The  tar  is  pumped  to  tanks 
for  shipment,  and  the  ammonia  is  sent  to  the  ammonia  distilling 
plant.  This  ammonia  liquor,  commonly  called  "weak  liquor,"  con- 
tains, as  above,  from  one-half  to  two  per  cent  of  ammonia,  also  some  of 
the  lighter  tar  oils.  The  ammonia  exists  partly  in  the  form  of  sul- 
phate, chlorid  and  other  fixed  salts,  from  which  it  can  be  freed  only 
by  the  admixture  of  lime,  or  some  similar  alkali,  and  the  remainder 
exists  as  "free  ammonia"  in  combination  with  carbonic  acid, 
hydrogen  sulphid,  etc.  When  all  of  the  fixed  ammonia  has  been 
freed  from  the  acid  by  the  addition  of  lime,  it  is  driven  off  from  the 
liquor  by  boiling  with  steam,  the  condensed  gases  carrying  a  certain 
portion  of  water,  to  form  the  crude  ammonia  liquor  of  commerce.  By 
the  introduction  of  additional  apparatus  and  the  modification  of  the 
process  of  distillation,  so  as  to  separate  the  ammonia  gas  from  the 
accompanying  impurities,  the  aqua  ammonia  of  commerce  may  be 
produced.  Or  the  ammonia  gas  coming  from  the  distillation  appa- 
ratus may  be  absorbed  in  sulphuric  acid,  producing  sulphate  of  ammo- 
nia, which  is  described  more  at  length  elsewhere. 

19  The  recovery  of  benzol  from  the  heavy  oil  used  as  an  absorbent 
is  effected  by  heating  with  steam  in  apparatus  similar,  in  a  general 
way,  to  that  used  for  the  ammonia.  The  benzol  oils  are  driven  off 
and  condensed  as  crude  benzol  ready  for  purification,  and  the  heavy 
oil  is  returned  to  the  scrubber  to  be  used  again. 

20  The  modem  by-product  oven  plant  includes,  among  its  more 
important  mechanical  problems,  the  delivery  of  the  coal  to  the  ovens 
and  the  removal  of  coke.  The  earlier  installations  in  this  country 
were  small  and  the  quantities  of  coal  and  coke  handled  did  not 
justify  the  installation  of  much  special  apparatus,  but  with  larger 
installations,  consuming  from  1500  to  3000  tons  of  coal  per  day,  and 
producing  an  equivalent  quantity  of  coke,  the  handling  apparatus 
has  become  one  of  the  important  features  of  nearly  every  plant.  The 
location  of  these  plants  at  the  blast  furnace,  and  the  absolute  depend- 
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ence  of  the  furnace  on  the  coke  produced,  has  made  it  necessary  to 
store  coal  to  prevent  interruption  of  the  operation  from  strikes,  car 
shortages,  etc.  Also  the  location  of  some  plants  demands  the  storage, 
during  the  winter  months,  of  coal  which  is  brought  by  vessel  in  the 
summer.  Then  it  is  necessary  to  install  unloading  machinery.  For 
example,  an  oven  plant  designed  under  the  writer's  direction  a  short 
time  ago,  is  arranged  with  a  capacity  for  unloading  over  400  tons  of 
coal  per  hour  from  vessels,  and  with  apparatus  for  receiving  this  coal 
from  the  vessel  and  storing  it  at  the  same  rate  up  to  an  amount  of 
300  000  tons.  This  apparatus  will,  at  the  same  time,  reclaim  coal 
from  this  storage  pile  at  the  rate  of  200  tons  per  hour  and  deliver  it 
to  the  coal  bins. 

21  At  this  plant,  among  others,  the  engineering  problem  was 
further  complicated  by  the  necessity  of  mixing  two  coals  of  different 
composition  in  order  to  produce  a  coke  of  suitable  quality.  So  the 
apparatus  had  to  be  arranged  to  store  these  coals  separately,  reclaim 
them  separately,  and  bring  them  together  in  a  mixture  of  proportions 
determined  by  the  quality  of  the  coals,  and  deliver  this  mixture  to 
the  oven  bins.  It  was  also  necessary  to  grind  the  coal,  in  order  to 
insure  the  best  physical  structure  of  the  coke.  The  standard  at  this 
plant  is  that  over  70  per  cent  must  pass  through  a  one-eighth  inch 
mesh  screen,  and  this  work  must  be  done  at  the  rate  of  at  least  200 
tons  per  hour.  Such  undertakings  present  some  very  interesting 
problems  in  mechanical  engineering,  and  upon  their  solution  depends 
to  a  great  extent  the  economical  operation  of  the  whole  plant. 

22  The  operation  of  charging  the  ovens  is  a  very  simple  one.  The 
coal,  prepared  as  described  above,  is  delivered  in  bins  above  the  ovens 
and  drawn  into  a  larry  or  car  which  runs  over  the  top  of  the  oven 
blocks,  operated  by  a  motor.  This  car  is  arranged  with  suitable 
chutes,  and  on  opening  the  charging  holes  on  the  tops  of  the  ovens 
the  coal  is  allowed  to  run  in  and  j&ll  the  oven  chamber.  These  charg- 
ing holes  are  then  immediately  closed,  and  the  top  of  the  coal  is 
leveled  off  by  means  of  a  reciprocating  ram,  operating  through  one 
of  the  doors  at  the  end  of  the  oven.  This  leveling  produces  sufficient 
space  for  the  gases  to  escape  and  reach  the  exit  pipe,  and  also  to 
provide  for  the  swelling  of  the  charge  which  usually  takes  place  dur- 
ing the  coking. 

23  When  the  gases  have  been  driven  off  from  the  coal,  which 
requires  a  period  of  from  18  to  30  hours,  depending  upon  the  coal  and 
the  oven,  the  doors  at  each  end  of  the  oven  are  opened,  and  the  mass 
of  coke  is  pushed  out  by  a  ram,  operated  by  steam  or  electricity. 
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This  ram  travels  up  and  down  in  front  of  the  ovens  as  required,  and 
usually  carries  the  leveDng  device  above  mentioned.  By  this  method 
the  coke  is  discharged  in  a  few  minutes,  and  the  oven  is  ready  for 
another  charge,  which  is  dropped  in  as  soon  as  the  doors  are  closed. 

24  The  coke,  on  discharging,  must  be  quenched.  The  old  way, 
and  the  one  largely  employed  in  Europe  still,  is  to  spread  the  hot 
coke  on  a  brick  pavement  and  water  it  with  a  hose.  This  does  not 
usually  give  the  best  results,  however,  as  the  coke  is  blackened  and 
frequently  is  made  too  wet.  A  number  of  devices  have  been  developed 
for  quenching,  with  varied  success.  In  one,  the  coke  is  run  into 
a  tight  firebrick  chamber  and  water  is  admitted,  the  pressure  of  the 
steam  generated  driving  the  water  throughout  the  different  parts  of 
the  mass.  In  another  plan,  the  coke  is  pushed  out  into  a  car  40  feet 
long  and  10  feet  wide,  having  an  inclined  bottom  so  arranged  that  by 
drawing  the  car  along  as  the  coke  is  pushed  out  it  is  distributed  in  a 
uniform  layer,  and  is  then  quenched  by  a  heavy  stream  of  water, 
which  is  applied  as  soon  as  the  coke  reaches  the  car.  Another  device 
is  in  the  form  of  a  box-shaped  frame,  built  up  of  water  pipes  so 
arranged  that  the  coke  is  pushed  out  through  it  and  quenched  by  a 
shower  of  water  forced  through  perforations  in  the  pipes — a  sort  of 
needle  bath. 

25  After  quenching,  the  coke  is  either  delivered  into  railroad 
cars  or  carried  directly  from  the  original  quenching  car  to  the  blast 
furnace  bins,  or  to  a  sorting  and  picking  plant,  in  case  the  product 
is  to  be  sold  for  foundry  coke.  In  this  picking  plant  the  coke  is 
delivered  from  a  small  hopper  on  the  picking  belt,  where  the  black 
ends  are  removed,  as  is  the  custom  in  preparing  foundry  coke,  and 
the  small  pieces  are  screened  out,  the  coke  being  delivered  to  the  car 
without  any  handling  except  of  the  rejected  pieces. 

26  All  of  this  work  was  formerly  done  by  hand,  and  the  difficult 
quality  of  the  material  and  the  severe  requirements  of  the  market 
required  the  development  of  some  special  apparatus  in  order  to 
accomplish  the  results  mechanically,  with  low  repairs  and  good 
efficiency. 

27  With  this  general  use  of  machinery,  of  course,  the  power  plant 
becomes  an  important  part  of  the  installation,  since,  in  some  install- 
tions,  at  least,  all  the  apparatus  and  machinery  are  electrically 
driven. 

28  Consumption  of  power  in  a  plant  of  by-product  coke  ovens, 
of  course,  depends  very  much  on  the  arrangement  of  the  plant,  and 
especially  upon  the  conditions  imder  which  the  coal  and  coke  have 
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to  be  handled.  The  following  is  the  distribution  of  power  consumed 
at  one  plant  coking  about  1600  tons  of  coal  per  day.  The  figures 
represent  the  average  daily  consumption  in  kilowatt  hours.  Of 
course,  many  of  the  operations,  such  as  pushing  and  charging  the 
ovens,  are  very  intermittent. 

kw-hr. 

Handling  coal  to  and  from  atorage  pile 450 

Coal  conveyors 900 

Cnifihingand  pulverizing  coal 1130 

Gasexhauaters 1280 

Rotary  scrubberB  and  pumps  in  by-product  recovery  plant 1250 

Pomps  handling  ammonia  liquor 255 

Pushers 684 

Coal  charging 168 

Coke  handling 1440 

Pumping  water 1080 

lighting 730 

9367 

29  Some  special  problems  in  design  arise  on  account  of  the  large 
requirements  of  steam  for  the  distillation  of  the  ammonia Jand  other 
by-products.  On  this  account  a  simple  type  of  engine,  operating 
under  (say)  10  to  16  pounds  back  pressure,  presents  strong  arguments 
for  favor  in  comparison  with  more  efficient  engines.  The  use  of  the 
exhaust  steam  for  distillation  makes  available  the]^  latent  heat  in 
the  steam,  as  well  as  the  sensible  heat  down  to  the  temperatures  at 
which  the  waste  liquors  are  discharged.  So  that  while  by  this 
method  only  20  per  cent  of  the  heat  in  the  steam  is  consumed  in  the 
engine,  the  remaining  80  per  cent  becomes  available  for  the  work  of 
distillation.  The  steam  consumption  in  such  an  engine  is  about  46 
pounds  per  horse  power.  But  when  the  exhaust  steam  is  needed  for 
distillation  it  is  hard  to  equal  the  economies  of  this  combination  as 
compared  with  other  types  of  steam  engines,  or  even  gas  engines, 
combined  with  the  use  of  live  steam  for  distillation. 

30  In  addition  to  the  problems  of  handling  materials  and  the 
development  of  the  mechanical  appliances  about  the  plant,  which 
have  been  special  features  of  the  growth  of  the  by-product  oven  in 
America,  much  progress  has  also  been  made  in  the  oven  itself. 
Although  this  retains  its  original  form,  the  size  and  coking  capacity 
have  been  much  increased.  The  earliest  retort  ovens  in  this  country 
had  a  cubical  capacity  of  220  cubic  feet,  and  had  an  average  coking 
edacity  of  4.4  tons  of  coal  per  24  hours.     Some  of  the  ovens  of  today 
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have  a  capacity  of  430  cubic  feet,  or  more,  and  coke  about  twelve 
tons  of  coal  per  day.  Experimental  installations  having  an  out- 
put materially  above  this  figure  are  operating  satisfactorily. 

31     Among  the  mechanical  devices  connected  with  the  retort  oven 
is  the  stamping  machine.     The  illustration  in  Fig.  3  represents  one 
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Fig.  3    Combined  Coke  Stamper  and  Coke  Pushbb 

of  the  successful  German  machines  of  this  type.  It  has  been  used 
largely  in  Europe,  but  only  to  a  small  extent  in  America,  for  the 
purpose  of  compressing  the  coal  into  a  cake  before  charging  into  the 
oven.  Many  coals,  on  account  of  their  composition,  do  not  produce  a 
coke  of  satisfactory  physical  structure  by  the  ordinary  methods  of 
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treatment,  but  when  they  are  compressed  into  a  cake,  the  physical 
structure  of  the  coke  is  very  much  improved. 

32  The  process  is  in  principle  a  simple  one.  A  box  or  form  is 
provided,  slightly  smaller  than  the  oven  chamber.  This  box  is  filled 
with  coal,  and  during  the  process  of  filling  the  coal  is  compressed  by 
heavy  stamps  traveling  back  and  forth  the  length  of  the  box,  so  that 
there  is  a  reduction  of  volume  of  from  20  to  26  per  cent,  as  compared 
with  the  loosely  charged  coal.  The  coal  is  dampened  before  stamping, 
and  it  is  not  diflScult  to  form  a  cake  having  suflScient  strength  to  per- 
mit of  being  pushed  into  the  oven.  Besides  the  improved  quality 
of  the  coke,  the  output  of  the  ovens  is  at  many  plants  increased  by 
about  10  per  cent,  and  in  some  cases  the  managers  state  that  they 
prefer  this  method  of  charging  coal  into  the  oven,  even  aside  from  its 
effect  on  the  quality  of  the  coke.  The  illustration  shows  a  pusher 
combined  with  the  stamping  machine,  so  that  the  whole  apparatus 
travels  up  and  down  together  in  front  of  the  ovens,  the  coal  being 
stamped  in  transit. 

33  Five  diflferent  types  of  by-product  recovery  ovens  have  been 
built,  or  are  building,  in  this  country.  One  of  these,  the  Mewton 
Chambers,  is  an  English  adaptation  of  by-product  recovery  to  the 
beehive  oven,  but  the  plant  which  is  the  only  American  representa- 
tive of  this  type  of  oven  has  been  out  of  run  for  some  time.  This 
system  consisted  essentially  of  a  series  of  vertical  cast  iron  U-pipes, 
arranged  to  receive  the  gases  from  the  beehive  oven  and  condense 
out  the  tar  and  ammonia  vapors,  by  cooling  with  air  or  water,  the 
scrubbed  gas  being  returned  to  the  oven,  which  was  heated  partly 
by  the  flues  underneath,  and  partly  by  combustion  in  the  upper  part  of 
the  chamber  containing  the  coal.  As  pointed  out  before,  this  method 
camiot  but  give  low  yields  of  ammonia  and  tar  of  inferior  quality. 

34  The  four  types  of  by-product  ovens  in  operation  and  under 
construction  in  the  United  States  are  all  of  the  retort  oven  type,  and 
have  all  been  developed  from  the  original  types  of  the  Copp^e  or 
Knab-Carv63  designs.  Of  these  there  are  11  plants  of  the  Otto- 
Hoffman  and  the  United  Otto  type,  13  plants  of  the  Semet-Solvay 
type,  3  plants  of  Rothberg  ovens,  and  1  plant  of  Koppers  ovens, 
niaking  a  total  of  28  plants  or  4763  ovens.  Detailed  descriptions  of 
these  ovens  having  appeared  elsewhere,  I  shall  confine  myself  to  a 
statement  of  the  distinguishing  points  of  the  several  systems. 

35  The  accompanying  illustration.  Fig.  4,  shows  a  typical  United 
Otto  oven  plant  in  cross  section.  The  oven  is  supported  on  steel 
gWers  resting  on  concrete  piers.     It  is  of  the  vertical  flue,  or  Copp6e 
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type;  that  is,  the  gas  is  burned  in  a  series  of  vertical  flues  arranged  in 
the  side  walls  between  the  oven  chambers.  The  gas  for  heating  the 
flues,  which  has  been  scrubbed  and  cooled  in  the  by-product  plant 
nearby,  is  delivered  into  the  main  combustion  flue,  both  at  the  end 
of  the  oven  and  below  in  the  gas  pipes  shown.  The  products  of 
combustion  pass  into  one  of  the  regenerative  chambers,  and 
thence  to  the  stack,  and  the  air  is  preheated  in  these  chambers,  on  the 
principle  of  the  familiar  Siemens  regenerative  furnace.  The  currents 
of  gases  and  hot  air  are  reversed  at  suitable  intervals.  During  each 
of  these  periods  the  gases  pass  upward  through  one  half  of  the  oven 
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flue  system,  and  downward  through  the  other  half,  their  path  being 
reversed  at  each  reversal  of  the  regenerator  valves. 

36  The  Semet-Solvay  oven  shown  in  Fig.  5  is  a  development  of 
the  Carvfe  type.  Its  salient  feature  is  the  horizontal  flue  S3rstem 
with  strong  middle  walls  which  support  the  roof  structure  and  the 
additional  loads  of  charging  larry,  etc.  The  horizontal  flue  system 
is  heated  by  means  of  gas  introduced  into  the  ends  of  all  but  the 
lowest  flue.  At  each  admission  it  meets  with  air  for  combustion 
which  has  been  preheated  by  the  escaping  gases  through  the  thin 
walls  of  the  "recuperator"  arranged  below  the  oven.  The  horizontal 
flues  with  the  multiple  gas  admission  admit  of  very  accurate  control 
of  the  heat  and  of  its  even  distribution  throughout  the  coking  cham- 
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ber.  The  main  object  of  the  central  division  wall  above  mentioned 
is  the  prolonged  life  of  the  oven  structure  which  results  from  taking 
the  weight  off  the  thin  and  highly  heated  flues,  and  it  also  permits 
repairs  to  be  made  to  any  oven  without  shutting  down  the  adjacent 
ovens. 

37  The  Rothberg  oven  is  of  the  horizontal  flue  type,  but  more 
like  the  Hueesner  oven  which  has  been  developed  in  Germany,  in  that 
is  has  only  one  flue  system  in  each  case  between  the  coking  chambers. 
This  S3rstem  is  divided  in  the  center  by  a  vertical  wall,  forming  two 
compartments  with  short  horizontal  travel  for  the  gas.  Every  alter- 
nate flue  is  served  by  a  gas  burner,  and  all  flues  can  be  inspected  by 
walking  along  the  platforms  at  the  ends  of  the  oven.    A  series  of 
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dampers  in  the  flues  is  arranged,  which  cause  the  gas  either  to  (ravel 
the  whole  length  of  the  flue  system,  or  to  pass  directly  to  the  next  lower 
flue,  in  case  the  heating  conditions  of  the  oven  demand  it.  These 
ovens  may  be  built  either  with  or  without  recuperators  or  regenerators. 
38  The  Koppers  oven  is  of  German  development,  and  the  first 
plant  is  now  under  construction  in  this  country.  It  is  a  vertical  flue 
oven  of  the  Copp6e  type.  Its  essential  features,  as  described  in  the 
American  patents,  are  the  special  arrangements  for  the  control  of 
gas  and  air  and  their  combustion  in  the  oven  flues.  These  consist 
essentially  of  the  arrangement  of  the  ports,  so  that  the  gas  and  air 
travel  spirally  through  the  flues,  thereby  carrying  the  heat  higher  up 
in  the  oven  and  preventing  local  combustion  at  the  point  of  entrance; 
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also  a  control  of  the  effective  area  of  each  flue,  so  as  to  distribute  the 
heat  uniformly  over  the  side  of  the  oven  chamber,  and  provision  for 
examining  all  the  flues  through  openings  arranged  for  that  purpose. 
The  air,  and  sometimes  the  gas,  is  preheated  in  regenerators  arranged 
underneath,  one  pair  of  regenerators  for  each  oven. 

39  In  the  by-product  apparatus  used  in  the  various  oven  plants 
and  in  the  general  ^rangement  for  handling  the  coal,  coke,  and  other 
products,  there  are  many  variations,  but  these  are  rather  to  meet  the 
conditions  of  the  individual  locations  than  inherent  in  any  special 
oven  system. 

40  In  addition  to  the  various  problems  in  mechanical  and  chemical 
engineering  presented  by  the  operation  of  the  by-product  coke  oven, 
there  are  a  number  of  metallurgical  problems,  some  of  which  have 
been  solved  with  material  gain  in  the  eflSciency  of  the  coking  opera- 
tion and  the  yield  of  by-products;  the  solution  for  others  is  yet  to  be 
found.  The  driving  off  of  the  hydrocarbons  from  coal  by  distillation 
is  a  very  complex  process.  Each  change  in  conditions  of  the  tem- 
perature, rate  of  distillation,  etc.,  gives  different  results,  and  on 
account  of  the  hydrocarbons  being  so  complex  in  composition,  no 
definite  figures  can  be  placed  on  the  operation.  Many  experiments, 
for  example,  have  been  made  to  determine  the  amount  of  heat 
absorbed  in  the  coking  process  per  unit  of  coal  coked.  Many  pro- 
cesses have  been  devised  for  converting  the  major  portion  of  the 
nitrogen  in  the  coal  into  ammonia.  These  and  other  problems,  how- 
ever, are  not  much  nearer  solution  than  when  the  by-product  process 
was  first  introduced  into  this  country.  The  experience  in  the  retort 
house  of  the  gas  works  has  shown  that  high  heats  and  rapid  coking 
increase  the  volume  of  the  gas  and  tend  to  break  down  the  heavier 
hydrocarbons,  and  the  same  is  doubtless  true  in  a  measure  in  the 
retort  oven,  although  the  much  greater  bulk  of  the  charge,  the 
different  relation  between  the  volume  of  the  gas  produced  in  propor- 
tion to  the  heated  surface  of  the  retort,  etc.,  modify  these  conditions. 

41  The  coking  time  of  a  charge  in  the  oven  depends  upon  the 
temperature  of  the  heating  flues,  and  the  rate  of  transmission  of  the 
heat  through  the  wall.  Until  recently  "quartzite"  brick  has  been 
used  for  these  flue  walls,  in  accordance  with  the  European  practice. 
Quartzite  is  the  ordinary  firebrick  with  sufficient  quartz  rock  added 
to  make  the  brick  about  neutral  in  its  expansion  and  contraction, 
and  contains  about  60  to  70  per  cent  silica.  Recently,  however,  silica 
brick  has  been  introduced  somewhat  generally,  notwithstanding 
the  ^ditionikl  complication  of  its  considerable  expansion  under  the 
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temperatures  of  the  oven  chamber.  Silica  has  the  advantage  of  not 
being  injured  by  the  higher  heats  required  by  latest  practice,  and 
is  also  a  materially  better  conductor  of  heat  than  the  quartzite. 
Magnesite  is  very  attractive  on  account  of  its  very  high  conductivity, 
but  this  material  has  not  yet  been  successfully  used. 

42  The  conductivity  of  firebrick  increases  with  the  temperature. 
There  are  no  data  available  giving  the  exact  relation  of  conductivity 
of  either  clay  or  silica  brick  at  coking  temperatures,  but  experience 
shows  that  a  moderate  increase  in  the  thickness  of  the  flue  wall  does 
not  necessitate  a  materially  higher  temperature  in  the  flue  in  order  to 
maintain  a  given  temperature  in  the  coking  chamber. 

43  It  has  not  been  observed  that  the  yield  of  coke  from  any  given 
coal  is  affected  by  the  speed  of  coking.  When  the  coking  operation  is 
properly  conducted,  with  entire  exclusion  of  air,  there  is  alwajns 
deposition  of  hydrocarbons,  and  an  increased  yield  of  coke  above  the 
theoretical.  This  increase  in  yield  is  probably  largely  due  to  the 
pressures  existing  in  the  oven  chamber,  and  the  prolonged  period  of 
contact  of  the  gases  with  the  coal  in  process  of  coking.  The  retort 
oven  always  yields  higher  percentages  of  coke  than  can  be  obtained 
either  in  the  crucible  or  in  the  gas  retort,  probably  for  the  above 
reasons.  The  yields  of  by-products  are  not  affected  by  temperature 
to  anything  like  the  same  extent  in  the  retort  oven  as  in  the  gas  retort 
where  it  is  recognized  that  the  higher  temperatures  produce  larger 
volumes  of  gas  higher  in  hydrogen  and  lower  in  hydrocarbons, 
together  with  lower  yields  of  tar.  As  suggested  above,  these  phenom- 
ena are  doubtless  due  to  the  different  relations  between  volume  of 
retort  and  volume  of  charge. 

44  The  presence  of  water  in  the  coal  when  charged  increases  the 
coking  time,  since,  of  course,  the  water  must  be  driven  off  before  the 
cokmg  process  begins,  and  therefore  the  penetration  of  the  heat  into 
the  charge  is  delayed  by  that  amount.  The  addition  of  water  up  to 
10  or  12  per  cent  does  not  add  seriously  to  the  coking  period,  but  the 
amount  of  heat  absorbed  is  considerably  increased,  and  there  is  also 
additional  work  thrown  upon  the  condensing  apparatus,  in  cooling 
the  products  of  distillation. 

45  The  rate  of  distillation  of  the  coal  in  the  oven  (known  in 
practice  as  the  coking  time)  varies  with'  the  quality  of  the  coal 
and  with  the  content  of  volatile  matter;  but  this  rate  does  not  vary 
directly  with  the  percentage  of  volatile  matter,  probably  because  in 
the  coals  containing  the  most  volatile  matter  distillation  proceeds 
at  a  much  more  rapid  rate  during  the  early  part  of  the  process. 
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This  is  illustrated  by  the  accompan3ring  table,  showing  the  amount 
and  composition  of  the  gas  produced  from  a  low  volatile  and  a  high 
volatile  coal  during  each  hour  of  the  coking  process. 

46  The  coke  from  the  by-product  or  retort  oven  differs  in  some 
respects  from  that  made  in  the  beehive.  On  account  of  its  being 
quenched  outside  of  the  oven  it  has  lost  the  silvery  glaze  seen  on  the 

TABLE  2      ANALYSES  AND  YIELD  OF  GAS    FROM    LOW    VOLATILE  COAL 
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beehive  coke.  Formerly  this  was*thought  to  be  of  some  importance, 
as  the  glaze  was  supposed  to  help  resist  the  action  of  carbonic  acid  on 
the  coke  in  the  blast  furnace.  Repeated  experiments,  however,  have 
shown  that  the  retort  coke  is  rather  more  resistant  to  carbonic  acid 
than  beehive  coke  made  from  the  same  coal.  Owing  to  the  difference 
in  method  of  applying  the  heat  the  shape  of  the  pieces  of  coke  is 
different.  This  difference  in  structure  is  shown  in  Fig.  6.  In  the 
beehive  oven  the  beat  generated  by  the  combustion  of  the  gases  above 
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the  coal  works  downward,  developing  a  long  finger-like  structure. 
In  the  retort  oven  the  heat  is  applied  from  both  sides  and  works  to- 
ward the  middle,  resulting  in  short  blocky  pieces  somewhat  less  in 
length  than  half  the  width  of  the  oven.  Retort  oven  coke  is  some- 
what denser  than  beehive  coke  from  the  same  coal,  the  percentage 
of  cells  being  slightly  smaller. 

47    There  is  still  some  difference  of  opinion  among  fiunacemen  as 
to  the  relative  value  of  the  two  cokes  in  the  blast  furnace,  owing  to 
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difiFerences  in  individual  experiences.  Retort  oven  coke  has  received 
a  great  deal  of  criticism  in  this  country  because  much  coke  has  been 
made  from  coal  which  would  be  quite  out  of  the  question  for  use  in 
the  beehive  oven.  The  reasons  for  using  such  coals  were  doubtless 
satisfactory  to  the  management  of  the  oven  plants,  but  the  coke 
produced  has  been  often  held  up  for  comparison  with  Connellsville 
beehive  coke,  which  is  perhaps  the  very  best  beehive  product  in  the 
world.  There  are  very  many  different  grades  of  retort  and  beehive 
coke  produced  from  the  different  coals,  and  under  different  conditions 
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in  the  several  plants  in  operation,  that  a  definite  comparison  of  the 
two  general  types  of  coke  is  practically  an  impossibility.  Some  of  the 
best  furnace  work  in  the  country  has  been  done  with  retort  coke, 
which  would  seem  to  justify  the  statement  that  the  best  retort  coke 
is  as  good  as  the  best  beehive  coke  in  the  blast  furnace. 

48  In  the  foundry  cupola  retort  oven  coke  has  an  exceptional 
record,  and  in  some  localities  it  is  without  question  the  standard  of 
foundry  coke. 

49  In  the  beehive  operation  some  of  the  fixed  carbon  is  burned, 
while  in  the  retort  oven  no  combustion  of  the  carbon  can  take  place, 
and  the  yield  is,  therefore,  up  to  or  above  the  theoretical.     On  this 


Pig.  6    Structure  of  Coke  in  Beehive  and  Retort  Oven 

account  the  retort  coke  is  always  somewhat  purer  chemically  than 
beehive  coke  from  the  same  coal.  This  gives  the  former  a  somewhat 
higher  percentage  of  carbon,  and  lower  percentage  of  ash,  phosphorus, 
etc. 

50  The  by-products  produced  at  plants  operated  in  this  country 
are  tar,  ammonia,  gas  and  benzol.  Cyanides  are  not  being  recovered 
at  any  of  the  American  plants. 

51  The  tar  is  the  standard  coal  tar  of  commerce,  and  does  not 
differ  materially  from  that  produced  by  gas  works.  In  Europe  the 
great  briquetting  industry  is  built  up  on  the  basis  of  tar  from  by- 
product ovens,  since  coal  tar  pitch  is  the  only][binder  for  briquettes 
which  has  been  largely  successful.     Pitch  constitutes  from  60  to  70 
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per  cent  of  the  tar,  the  remainder  being  heavy  oil,  consisting  of 
creosote  oil,  napthalene,  anthracene,  etc.,  and  the  light  oils  which  are 
mainly  impure  benzols.  These  are  separated  by  distillation,  the  pitch 
remaining  as  residue.  As  is  well  known,  coal  tar  is  the  basis  of  a 
large  number  of  important  industries,  especially  in  continental  Europe, 
but  only  a  portion  of  the  tar  is  available  for  these  higher  grade  prod- 
ucts. Anthracene  is  the  raw  material  for  alizarin,  and  napthalene 
is  the  basis  of  artificial  indigo.  Carbolic  acid  is  formed  from  the 
creosote  oils,  and  from  the  benzols  are  derived  most  of  the  long  list 
of  aniline  colors,  the  manufacture  of  which  has  become  such  an  impor- 
tant German  industry. 

52  The  practical  absence  of  these  chemical  industries  in  this 
country  has  been  one  of  the  causes  of  the  relatively  slow  growth  of 
the  by-product  oven  here.  While  it  may  be  some  time  before  the 
manufacture  of  these  refined  products  obtains  an  important  fbothold 
here,  yet  the  briquetting  industry,  after  many  years  of  experimenting 
and  failure,  is  at  last  becoming  established  commercially.  Some 
half  dozen  plants  located  in  ciflferent  parts  of  the  country  have  their 
product  on  the  market  on  a  commercial  basis,  and  their  growth  should 
be  rapid. 

53  The  low  prices  and  high  quality  of  coals  that  have  been  gen- 
erally available,  together  with  high  labor  cost,  have  delayed  the 
establishment  of  this  industry  here,  but  the  increasing  price  of  anthra- 
cite has  encouraged  the  development  of  briquettes  from  the  smaller 
and  unmarketable  sizes  of  anthracite  from  the  coal  yards  and  washer- 
iesin  the  East.  In  the  Middle  West  the  mining  of  some  of  the  non- 
coking  coals  is  accompanied  by  the  production  of  a  large  amount  of 
fine  coal  not  available  for  general  use.  This  and  other  relatively  low 
priced  coals  form  a  considerable  supply  for  briquetting.  Farther 
west  the  lignites  and  semi-lignites  offer  a  very  promising  field. 
Many  of  these  coals  break  down  badly  upon  exposure  to  the  atmos- 
phere into  a  fine  powder  which  is  practically  useless.  Briquetting 
prevents  this  disintegration,  and  a  properly  made  briquette  will  stand 
a  year's  exposure  to  the  elements  without  apparent  injury,  while  the 
coal  from  which  it  is  made  would  be  reduced  to  a  powder  within  a 
week  or  fwo.  The  engineers  in  charge  of  the  Fuel  Testing  Station  of 
the  United  States  Government  at  St.  Louis  have  made  an  interesting 
series  of  tests  covering  the  briquetting  of  a  large  variety  of  coals,  and 
their  results  are  most  encouraging,  especially  on  the  classes  of  fuels 
last  mentioned. 

54  The  process  of  briquetting  is  essentially  a  simple  one,  although 
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the  conditions  necessary  for  success  with  each  fuel  must  be  definitely 
determined  and  maintained.  The  plants  are  not  expensive  or  compli- 
cated, and  now  that  works  are  operating  commercially  under  widely 
different  conditions  and  environments,  a  satisfactory  growth  of  the 
industry  should  no  longer  be  delayed. 

55  The  increased  price  of  lumber  and  the  destruction  of  our 
forests  is  bringing  the  preservation  of  lumber  by  creosoting  promi- 
nently to  the  front,  especially  for  railroad  ties,  and  the  demand  for 
creosoting  oil  is  already  increasing.  New  uses  are  being  found  for 
the  benzol  oils,  as  will  be  shown  below. 

56  Moreover,  the  application  of  tar  to  road  surfaces  is  rapidly 
growing  in  favor.  Especially  since  the  introduction  of  the  automobile 
it  is  found  that  no  material  produces  a  better  road  siuface  for  the 
money  expended  than  tar.  This  is  sprinkled  on  the  surface  of  the 
road  and  rubbed  in  with  brushes,  and  if  a  penetration  of  an  inch  or 
so  is  effected,  the  surface  of  the  road  is  impervious  to  water,  and  the 
presence  of  the  tar  produces  an  elastic  condition  of  the  surface  which 
has  a  rather  remarkable  effect  in  increasing  the  wearing  qualities  of 
even  indifferent  road-making  material.  Tar  can  be  quickly  applied 
either  to  a  new  or  an  old  surface,  preferably  the  former.  Dust  is 
eliminated  almost  entirely,  and  by  resprinkling  every  year  or  two, 
depending  upon  conditions  of  travel,  material,  etc.,  the  road  surface 
is  kept  in  p^ect  condition,  except,  of  course,  for  the  replacement  of 
material  actually  worn  away. 

57  By-product  ovens  have  for  some  years  been  the  leading  pro- 
ducers of  ammonia  in  this  country.  The  total  value  of  ammonia 
produced  by  gas  works  and  by-product  ovens  together,  in  the  year 
1907,  is  given  by  the  United  States  Geological  Survey  as  $4  126  529. 
Figures  are  not  available  showing  the  output  of  the  by-product  ovens 
alone. 

58  This  ammonia  is  sold  in  the  form  of  crude  ammonia  liquor, 
sulphate  of  ammonia,  and  aqua  ammonia.  The  first  named  is  an 
impure  solution  of  the  ammonia  gas  in  water,  containing  some  light 
tar  oils,  sulphur  compounds,  carbonates,  etc.,  and  contains  from  15 
to  25  per  cent  of  ammonia.  It  is  used  in  the  ammonia  soda  industry, 
and  also  as  a  raw  material  for  manufacturing  higher  grades  of  ammonia 
such  as  the  nitrate  and  carbonate  of  ammonia,  etc. 

59  Sulphate  of  ammonia,  a  gra3ish  white  cr3rstal  containing  about 
25  per  cent  of  ammonia,  is  used  as  a  fertilizer,  and  somewhat  for 
the  manufacture  of  anhydrous  ammonia.  In  Europe  the  use  of  sul- 
phate of  ammonia  as  a  fertilizer  has  been  very  greatly  developed, 
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partly  by  active  educational  methods,  bringing  home  to  the  farmer 
the  great  gains  from  its  use.  It  divides  with  nitrate  of  soda  the 
responsibility  for  the  great  sugar-beet  crops  of  continental  Europe, 
and  a  great  deal  of  study  has  been  given  to  the  intelligent  application 
of  this  most  available  form  of  nitrogen  to  the  varying  crop  conditions 
there  found.  In  this  country  the  development  of  the  use  of  sulphate 
of  ammonia  as  a  fertilizer  has  only  begun.  While  figures  are  not 
available  showing  the  amounts  of  ammonia  consumed  in  all  the 
various  uses,  yet  the  following  table  will  be  of  interest,  showing  a  com- 
parison of  the  ammonia  productions  of  the  several  leading  countries 
in  the  year  1906.  This  table  is  from  a  paper  by  Mr.  C.  G.  Atwater, 
published  in  Mineral  Industry.  The  figures  represent  all  ammonia 
products  figured  as  sulphate. 

metric  tons 

Enj^d 279  000 

Gennany 236  000 

United  States 68  000 

France 49  100 

Belgium  and  Holland 30  000 

Other  European  countries 55  000 

Total : 716  100 

60  When  we  consider  that  the  productionTof-^sulphateJin'^this 
country  was  only  25  000  tons  and  that  about  23  000  tons  were 
imported  during  the  year,  the  meager  consumption  of  sulphate  in 
this,  the  greatest  of  agricultural  countries,  is  very  striking.  While,  of 
course,  the  newer  farming  lands  are  still  unimpoverished  and  do  not 
require  fertilizing,  yet  in  all  the  older  states  crop  yields  have  fallen 
off  very  greatly  during  the  past  generation,  and  yet  the  present  use 
of  artificial  fertilizers  is  mainly  confined  to  the  Southern  states  on 
the  cotton  and  tobacco  fields.  A  consideration  of  our  acreage  of 
tilled  land  compared  with  that  of  Germany,  for  instance,  will  show 
the  possibilities  of  the  use  of  sulphate  when  our  agricultural  colleges 
and  government  agricultural  stations  have  educated  the  farmers  up 
to  a  full  realization  of  the  importance  of  this  invaluable  plant  food. 

61  Aqua  ammonia,  which  is  essentially  a  purified  solution  of 
ammonia  gas  and  water,  containing  about  25  per  cent  ammonia,  is 
the  refined  ''ammonia"  of  commerce,  usually  purchased  in  a  very 
diluted  form.  During  recent  years  its  use  has  grown  very  rapidly  for 
refrigerating  purposes,  both  as  aqua  ammonia  and  as  the  source  of 
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anhydrous  ammonia.  The  latter  product  is  made  essentially  by 
driving  the  ammonia  gas  oflF  from  the  water  by  heat,  drying  it  ana 
condensing  it  into  a  liquid  by  pressure. 

62  The  surplus  gas  from  the  by-product  oven  is  the  portion 
remaining  after  suflScient  gas  has  been  used  for  heating  the  ovens,  and 
the  amount  varies  greatly  with  the  coal  used.  In  lean  coals,  low  in 
volatile  matter,  there  might  perhaps  be  no  surplus,  while  in  rich 
gassy  coals  the  amount  may  be  from  4000  to  5000  feet  per  net  ton 
of  coal.  As  stated  above,  this  gas  is  essentially  similar  to  that  made 
in  gas  works.     Following  is  a  typical  analysis: 

per  cent 

Carbon  dloxid 1.3 

Benzene *..... 1.2 

Ethylene 4.2 

Oyxgen 0.5 

Carbon  monoxid 5.1 

Methane 35. 5 

Hydrogen 48.0 

Nitrogen 4.2 

B.  t.  u.  per  cubic  foot,  gross 679 

63  If  the  gas  is  desired  for  sale  for  illuminating  purposes  and  the 
richer  portion  is  reserved  for  this  purpose,  as  described  above,  the  gas 
is  richer  in  marsh  gases  and  illuminants  and  contains  less  carbonic 
oxygen  and  hydrogen  than  the  average.  The  calorific  value  of 
the  gas  may  vary  from  550  to  700  B.  t.  u.  per  cubic  foot.  In  this 
country  its  use  for  illuminating  purposes  has  been  developed  much 
more  than  in  Europe.  There  are  now  eleven  plants  supplying  illumi- 
nating gas  regularly  for  city  consumption,  and  in  1907,  17  885  400  000 
feet  were  sold,  compared  with  36  934  300  000  from  coal  gas  works. 
In  Europe  the  surplus  gas  has  been  largely  consumed  in  gas  engines. 
At  one  time  there  was  some  trouble  on  account  of  pre- ignition  of  the 
gas,  which  was  laid  to  the  high  percentage  of  hydrogen.  This  has 
been  overcome,  however,  and  leading  engineers  no  longer  consider 
it  an  obstacle  to  its  use  for  this  purpose.  It  has  been  shown  by  Mr. 
Pennock  in  the  Journal  of  the  Society  of  Chemical  Industry,  June  15, 
1905,  that  when  coke  oven  gas  is  mixed  with  the  proper  amount  of 
air  for  combustion,  the  mixture  has  not  as  high  a  percentage  of  hydro- 
gen as  producer  gas,  for  example,  which  is  largely  used  in  engines 
without  trouble  from  this  cause. 

64  Benzol  is  recovered  from  coke  oven  gas  very  largely  in  Europe, 
and  Ls  the  raw  material  for  the  synthetic  manufacture  of  the  anilines 
and  of  carbolic  acid,  as  well  as  a  number  of  other  chemical  products. 
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It  fonns  the  principal  illuminant  in  coal  gas,  and  its  use  is  growing 
in  this  country  as  a  convenient  source  of  candle  power,  especially  in 
small  gas  works.     It  is  also  used  in  the  manufacture  of  varnishes. 

65  Benzol  has  been  used  experimentally  to  a  considerable  extent 
both  in  Europe  and  in  this  country  in  explosion  engines,  both  alone 
and  mixed  with  alcohol.  A  series  of  carefully  conducted  tests  in  this 
country  on  stationary  engines,  motor  boats  and  motor  cars  has 
brought  out  several  points  in  its  favor  as  a  fuel  for  such  engines.  An 
equal  volume  has  about  12  per  cent  more  calorific  value  than  ordinary 
gasolene.  Owing  perhaps  to  the  fact  that  benzol  is  distilled  within 
closer  limits  than  gasolene,  it  has  a  somewhat  higher  thermal  efficiency, 
and  is  not  so  liable  to  miss  fire  in  the  cylinder. 

66  After  this  general  review  of  the  subject  the  question  remains — 
What  is  to  be  the  development  of  the  by-product  oven  in  this  country? 
Compared  with  many  industries  its  growth  has  been  slow,  but  this,  as 
has  been  pointed  out,  is  largely  due  to  the  condition  of  the  chemical 
industries  in  this  country,  which  must  of  necessity  keep  pace,  at 
least  in  a  measure,  with  the  sources  of  their  raw  materials.  The 
capital  required  in  the  installation  of  the  by-product  oven  is  relatively 
large,  and  the  results  would  have  been  serious  if  the  rate  of  oven 
building  had  been  greatly  in  excess  of  the  demand  for  its  by-products. 
In  all  industries  depending  upon  the  by-products  of  coke  a  promising 
future  is  apparent.  The  use  of  gas  for  illuminating  purposes  has 
become  firmly  established,  and  the  rapid  introduction  of  the  gas 
engine  affords  a  market  for  fuel  gas.  The  various  uses  of  ammonia  in 
the  arts  have  already  been  discussed.  But  we  must  look  to  agricul- 
ture as  the  principal  consumer  of  any  largely  increased  production  of 
ammonia.  Through  the  growing  influence  of  Government  and  State 
experimental  stations  and  agricultural  colleges,  science  is  being 
applied  more  and  more  to  agriculture,  and  this  cannot  but  lead  to 
the  general  use  of  artificial  fertilizers  which  naturally  follows  a  higher 
standard  of  farm  work.  As  a  fertilizer  base,  sulphate  of  ammonia, 
with  its  nitrogen  in  the  most  available  form,  plays  a  most  important 
part. 

67  During  the  last  few  years  the  production  of  tar  has  exceeded 
the  demand,  so  that  large  quantities  have  had  to  be  burned  as  fuel 
at  low  prices,  but  the  outlook  for  this  by-product  is  more  favorable 
than  it  has  been.  While  it  may  be  some  time  before  the  highly 
specialized  chemical  industries  for  the  production  of  anilines  and 
dyes  have  reached  any  important  growth,  yet  the  prospects  for  the 
development   of  the   cruder  tar  products   are  encouraging.     The 
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rapidly  increasing  price  of  lumber  is  forcing  the  necessity  of  oreoeot- 
ing,  with  the  attendant  consumption  of  creosoting  oil,  on  large 
lumber  users  like  the  railroad  companies. 

68  The  practical  start  in  the  commercial  manufacture  of  briquettes 
which  has  been  described,  promises  an  early  development  of  that 
industry,  and  a  very  modest  position  as  a  producer  of  fuel  would 
mean  consumption  of  a  large  amount  of  pitch.  If  the  number  of  by- 
product ovens  and  the  output  of  tar  therefrom  were  doubled,  a 
production  of  less  than  3  000  000  tons  of  briquettes  per  annum 
would  consume  all  the  pitch  from  this  increase,  without  providing 
for  any  growth  in  the  important  roofing  and  paving  industries,  and 
without  providing  for  any  consumption  of  tar  in  the  new  tarred  roads. 
This  tonnage  of  briquettes,  compared  with  the  86  000  000  tons  of 
anthracite  and  the  388  000  000  tons  of  bituminous  coal  mined  in  1907, 
suggests  that  briquetting,  when  once  established,  even  as  an  "infant 
industry,"  may  soon  reach  the  condition  which  exists  in  continental 
Eiu-ope,  namely,  where  its  growth  would  depend  only  upon  the  avail- 
able supply  of  pitch.  Briquetting  pitch  must  alwa3n9  be  sold  at  a 
moderate  price,  unless  the  conditions  of  our  fuel  supply  change  mate- 
rially. But,  as  in  Europe,  when  once  developed,  briquetting  will 
probably  be  the  principal  consumer  of  the  pitch  produced  in  this 
country. 

69  The  by-product  oven  belongs  to  the  present  day.  The  pro- 
duction of  coke  at  the  blast  furnace  plant,  where  the  operation  is 
assured  by  large  storage  of  coal  and  where  the  labor  is  under  better 
control  than  in  less  developed  regions,  is  in  line  with  toda3r's  manu- 
facturing methods.  The  higher  economy  of  its  operation,  its  special 
adaptation  to  control  by  modem  scientific  organization,  the  ability 
to  draw  coals  from  several  fields,  and  the  successful  adaptation  of 
labor-saving  appliances  to  its  various  operations,  all  point  to  its 
being  the  oven  of  thjB  future. 


DISCUSSION 

Mr.  J.  R.  BiBBiNs  It  is  fortunate  that  this  subject  of  by-product 
coke  ovens  has  been  brought  before  the  Society  by  Mr.  Blauvelt  at  this 
time,  especially  with  the  promise  of  a  demonstration  upon  so  large  a 
scale.  The  by-product  coke  oven  oflfers  so  many  interesting  phases  of 
commercial  development  that  it  is  diflicult  for  the  layman  to  under- 
stand the  reasons  for  its  somewhat  limited  present  application.     Yet 
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&  more  careful  study  of  the  operation  of  the  large  by-product  coke 
plant  soon  reveals  the  necessity  for  the  coordination  of  many  impor- 
tant factors,  any  one  of  which  might  operate  to  disturb  the  balance  of 
the  whole. 

2  To  the  outsider  the  most  interesting  phase  of  coke  manufacture 
is  the  production  of  by-products.  The  Detroit  installation  serves  as 
an  illustration  of  the  use  of  by-product  gas  for  illuminating  or  power 
purposes.  It  is  the  popular  impression  that  the  sale  of  by-product 
gas  for  this  purpose  represents  clear  profit  without  any  difficulties 
or  embarrassments  encountered  in  the  guarantee  of  an  uninterrupted 
supply  of  gas.  Although  there  are  many  factors  to  be  considered,  it 
is  true  that  under  certain  conditions  power  generation  from  by-product 
coke  gas  is  commercially  profitable,  both  to  the  supply  company  and 
to  the  customer.  At  a  reasonable  price  for  gas,  power  may  be  gen- 
erated at  a  cost  per  kilowatt  so  far  below  the  cost  of  steam  power  as 
to  preclude  the  use  of  steam  entirely. 

3  In  this  connection  some  data  regarding  the  first  coke  oven  gas 
installation  of  large  size  in  this  country  may  be  of  interest.  This 
development  has  taken  place  at  Lebanon,  Pa.,  where  two  large  by- 
product coke  plants  are  in  operation,  one  of  the  Semet-Solvay  and 
the  other  of  the  United  Otto  t3rpe.  Until  about  a  year  ago  there  was 
no  opportimity  to  dispose  of  the  by-product  gas  from  either  of  these 
plants,  and  all  the  surplus  was  allowed  to  go  to  waste.  In  1907,  two 
power  projects  were  developed — one  to  operate  the  works  of  the 
American  Iron  and  Steel  Company,  and  the  other  to  establish  a  large 
gas  engine  plant  near  the  ovens  to  furnish  power  for  the  ovens  and 
mines  supplying  them,  and  to  transmit  a  large  amount  of  surplus 
power  to  the  city  of  Lebanon  for  public  utilities.  The  first  of  these 
plants  was  installed  in  1907  and  has  been  in  continuous  operation 
since,  from  gas  piped  several  miles  under  moderate  pressure  from  the 
Semet-Solvay  coke  plant.  The  second  project  will  be  actively  pushed 
forward  within  the  next  few  months.  Both  employ  horizontal  double- 
acting  engines  of  the  twin-tandem  t3rpe  of  600  and  1200  h.p.  capacity 
respectively. 

4  At  the  time  of  this  first  Lebanon  installation  very  little  was 
definitely  known  concerning  the  possible  success  or  failure  of  this  kind 
of  gas,  as  the  only  precedents  in  this  country  were  a  small  vertical 
single-acting  engine  at  S3rracuse  and  a  larger  engine  at  Camden,  N.  J., 
which  was  in  commission  for  several  years,  operating  on  poor  gas 
from  the  last  half  of  the  coking  run. 

5  The  results  of  a  year's  operation  at  Lebanon  have  been  ex- 
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tremely  satisfactory.  Trouble  anticipated  from  excessive  hydrogen 
content  has  not  developed,  and  after  some  experimenting  for  sulphur 
removal,  no  serious  trouble  has  resulted  from  the  somewhat  high  sul- 
phur content.  At  the  outset,  the  builders  stipulated  a  maximum 
content  in  the  gas  of  50  per  cent  hydrogen  by  volume  and  0.02  gr.  of 
sulphur  per  cubic  foot.  Both  these  limits  have  been  exceeded  with- 
out resulting  trouble.  Although  pooled  gas  (i.e.,  run-of-oven)  is 
supplied,  the  hydrogen  content  at  times  runs  as  high  as  66  per  cent 
by  volume,  and  the  sulphur  H  gr.  per  cubic  foot. 

6  This  sulphur  exists  in  the  form  of  H^S  and  CSj  in  varying  pro- 
portions. The  gas  is  purified  in  rectangular  oxid  purifiers  contain- 
ing iron  oxid  sponge  prepared  on  the  ground.  By  giving  proper 
attention  to  this  apparatus  and  renewing  one  layer  of  oxid  each  week, 
the  sulphur  may  easily  be  reduced  to  80  or  85  per  cent  of  the  original 
content,  which  runs  from  2^  to  4  gr.  per  cubic  foot  in  the  crude  gas. 
This  leaves  about  0.6  gr.  sulphur  in  the  gas  supply  to  the  engine, 
much  more  than  was  originally  considered  safe. 

7  As  to  the  effect  of  sulphur  upon  the  engine,  it  apparently  passes 
through  the  combustion  cycle  without  difficulty,  provided  three 
simple  remedies  are  employed: 

a  To  insure  absolute  separation  of  the  water  and  gas  around 

the  cylinder  valves  or  packing; 
6  To  flush  the  rods  thoroughly  with  continuous  streams  of 

engine  oil; 
c  To  maintain  the  piston  cooling  water  circuits  at  a  fairly  high 

temperature,  sufficient  to  prevent  condensation  and  the 

consequent  formation  of  acid. 

8  In  all  modern  designs,  a  continuous  return  lubricating  system 
is  employed.  It  is  a  simple  matter  to  provide  a  small  stream  of  oil 
in  front  of  each  packing  cage,  which  returns  to  the  filter  and  is  again 
pumped  through  the  system  without  loss. 

9  A  fairly  high  piston  water  temperature  is  advantageous,  not 
only  from  the  sulphur  standpoint,  but  to  facilitate  lubrication  as  well. 
In  fact  most  of  the  packing  trouble  experienced  in  the  early  days  of 
the  horizontal  design  was  found  to  be  due  to  running  the  rods  too 
cold,  as  a  matter  of  precaution. 

10  During  the  early  experience  of  the  Lebanon  plant,  the  sulphur 
reduction  decreased  for  some  time  to  a  point  as  low  as  50  per  cent,  or 
2.0  gr.  per  cubic  foot  at  the  end  of  the  week.  Recently  a  measurement 
of  the  rod  diameters  showed  that  the  reduction  during  the  year  had 
been  extremely  small,  and  at  one  packing  could  hardly  be  detected. 
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This  seems  to  indicate  that  in  a  proper  design  and  with  necessary 
precautions  the  sulphur  problem  is  not  so  serious  as  anticipated. 
Recently  this  engine  was  operated  six  hours  on  crude  unpurified  gas 
containing  over  3  gr.  of  sulphur,  and  has  been  so  operated  at  inter- 
vals during  the  past  year.  With  normal  lubrication  the  rods  tended 
to  run  dry  in  places,  which  might  cause  considerable  trouble  at  the 
packing,  but  by  flushing  the  rods  with  a  small  stream  of  oil,  this 
trouble  was  immediately  corrected. 

11  One  important  phase  of  the  Lebanon  situation  is  the  relative 
value  to  the  coke  oven  operator  of  principal  and  by-products,  and 
herein  lies  the  crux  of  the  application  of  coke  oven  gas  for  power  pur- 
poses. The  power  user  of  course  desires  a  guarantee  of  uniformity  of 
quality  and  continuous  supply;  and  this  necessitates  the  operation 
of  the  ovens  for  the  purpose  of  delivering  the  by-product  even  in 
periods  of  decreased  demand  for  coke,  tying  up  the  capital  of  the  ope- 
rator in  stored  coke,  to  his  serious  embarrassment.  At  Lebanon  the 
gas  is  supplied  by  a  contract  that  fixes  the  rate,  but  not  the  supply,  • 
which  is  dependent  on  the  operation  of  the  coke  oven  plant.  This 
provides  cheap  power  and  heat  for  the  consumer,  and  relieves  the 
coke  oven  operator  of  the  above  objection.  On  the  other  hand,  this 
arrangement  would  be  entirely  unsatisfactory  to  a  consumer  contrac- 
ting for  a  definite  service  unless  he  took  the  precaution  of  installing 
a  relay  producer  equipment.  Such  a  plant  has  already  been  installed 
at  Lebanon  to  provide  for  a  contingency  of  this  nature,  and  at  the 
prevailing  low  price  of  producer  apparatus  it  would  certainly  be 
cheaper  in  the  long  run  than  to  employ  steam  power,  providing  the 
coke  oven  gas  could  be  obtained  at  a  reasonably  low  figure  in  com- 
parison with  coal.  This  whole  question  therefore  resolves  itself  into 
an  economic  one  which  both  producer  and  consumer  must  solve. 

12  Another  point  of  interest  in  regard  to  the  Lebanon  installa- 
tion is  that  it  is  an  alternating  current  system  with  generators  solid 
coupled,  and  operating  at  a  frequency  of  40  cycles  per  second.  The 
umt  operates  regularly  in  parallel  with  an  adjoining  steam  plant  con- 
taimng  both  tandem  and  cross-compound  steam  engines.  At  this 
intermediate  frequency  no  trouble  whatever  has  appeared  in  parallel 
operation. 

Mr.  C.  M.  Barber  Mr.  Blauvelt's  paper  is  certainly  a  very 
valuable  contribution  to  our  knowledge  of  coke  manufacture.  The 
writer  would  like,  however,  to  advance  a  few  ideas  in  regard  to  the 
Wirftnj  of  coke. 
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2  That  the  oven  heat  of  coke  from  by-product  oyens  can  be 
removed  without  the  use  of  water  is  a  proposition  that  the  writer 
has  demonstrated  to  his  own  satisfaction.  The  proof  is  based  oo 
the  fact  that  the  largest  single  pieces  that  are  usually  discharged 
from  the  Semet-Solvay  oven,  if  isolated  from  contact  with  the  mass, 
will  cool  without  combustion  in  the  open  air. 

3  A  charge  of  good  coke  when  pushed  from  the  oven  while  it  has 
a  high  temperature  is  not  undergoing  combustion.  The  term 
"quenching"  implies  combustion.  We  would  substitute  the  word 
"cooling"  on  the  ground  that  the  coke  when  ready  for  discharge 
from  the  oven  has  parted  with  all  those  components  of  the  coal  which 
would  ignite  when  exposed  to  the  air.  The  coke  itself,  if  properly 
handled,  does  not  ignite.  The  process  therefore,  it  seems  to  us,  is 
one  of  cooling  rather  than  of  quenching. 
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4  If  the  mass  is  simply  spread  out  so  that  the  largest  pieces  practi* 
cally  lie  by  themselves,  the  coke  will  give  up  its  heat  just  as  a  newly 
rolled  bar  of  steel  cools  in  the  open  air. 

6  In  discharging  the  coke  from  one  oven  directly  upon  a  con- 
veyor, say,  6  ft.  wide  by  150  ft.  long,  the  average  thickness  would  be 
less  than  3  in.  Considering  a  block  of  30  ovens  and  allowing  22  hours 
for  coking,  an  oven  is  discharged  on  an  average  of  every  45  minutes. 
Five  such  conveyors  could  be  arranged  to  give  a  cooling  period  oi 
about  three  hours,  which  would  simply  mean  that  the  coke  is  detained 
about  three  hours  on  its  trip  from  the  ovens  to  the  furnace. 

6  In  Fig.  If  A,  B,  C,  D  and  E  are  conveyors,  each  about  150  ft 
long  by  6  ft.  wide.  They  are  adapted  to  receive  the  coke  from  a 
block  of  30  Semet-Solvay  ovens.    A  and  B  displace  the  ordinary 
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eoke  car  and  its  track.  The  top  of  J.  is  about  one  foot  below  the  floor 
of  the  oven  and  receives  the  charge  of  any  oven  of  the  block.  C,  D 
aad  E  may  be  located  directly  over  A  and  B.  G  is  an  elevator 
having  buckets  adapted  to  receive  the  coke  from  B  and  discharge  it 
on  to  C.  A  and  B  are  coupled  to  work  together  at  the  same  speed, 
which  is  variable  and  controlled. 

7  The  operation  is  as  follows:  The  contents  of  an  oven  are  slowly 
discharged  by  the  coke  pusher  in  the  usual  way  onto  the  conveyor  Aj 
at  any  point  X.  The  man  operating  the  conveyors  regulates  the 
speed  of  A  and  S  so  as  to  distribute  the  entire  contents  of  the  oven 
over  about  150  ft.  of  conveyors  A  and  B, 

8  This  carries  .the  charge  to  about  the  point  marked  Y  on  con- 
veyor B.  He  then  continues  the  movement  at  any  speed  he  wishes 
until  the  point  Y  has  arrived  at  the  discharge  end  of  conveyor  jB, 
when  he  locks  his  lever  at  a  speed  just  sufiicient  to  discharge  the 
entire  contents  of  the  one  oven  from  conveyor  B  on  elevator  0  in 
about  45  minutes,  which  will  leave  conveyors  A  and  B  empty  when 
it  is  time  to  use  them  for  the  next  oven. 

9  The  operation  already  described  will  require  from  about  three 
to  five  minutes,  or  the  usual  time  of  discharging  an  oven  plus  the 
time  for  completely  covering  conveyor  B^  making  the  whole  opera- 
tion not  more  than  an  average  of  about  six  minutes. 

10  Elevator  0  and  conveyors  C,  D  and  B  are  all  run  at  one  uni- 
form speed  of  about  150  ft.  in  45  minutes,  and  the  coke  is  finally  dis- 
charged at  K  into  a  car  or  in  some  cases  directly  into  the  bins  at 
the  blast  furnace. 

11  The  above  is  a  general  description,  showing  the  lines  upon 
which  the  apparatus  can  be  worked  out. 

12  The  advantages  of  cooling  coke  from  the  oven  temperatures 
to  that  required  for  handling  without  the  use  of  water  are  almost 
too  apparent  to  require  noting  here.  We  may,  however,  call  atten- 
tion to  the  effects  of  dashing  upon  the  incandescent  coke  quantities 
of  water  sufficient  to  cool  it  to  blackness  in  a  few  seconds.  Coke 
has  a  cellular  structure.  The  cell  walls  are  hard  and  vitreous.  Struck 
with  a  hammer,  good  coke  will  often  ring  like  crockery.  It  contracts 
considerably  on  cooling.  The  almost  instantaneous  cooling  cracks 
and  breaks  it  very  much  as  the  same  treatment  would  break  almost 
any  like  substance.  We  know  that  glass,  furnace  slag,  cast  iron  and 
many  other  substances  fly  to  pieces  when  suddenly  cooled  with  water. 
The  watering  of  incandescent  coke  is  always  accompanied  by  crack- 
ing, snapping  sounds  caused  by  the  disintegration  of  the  coke.     We 
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know  too  that  a  considerable  amount  of  the  breeze  is  caused  by  the 
eflfect  of  the  water. 

13  The  delivery  of  coke  to  the  furnace  bin  with  a  low  content  of 
moisture  is  the  aim  of  the  coke  maker,  but  the  difficulty  of  getting 
the  water  to  the  interior  of  the  pile  as  it  lies  on  the  car  is  considerable. 
In  fact  no  water  reaches  the  inner  part  until  the  outside  is  over- 
watered  and  the  ideal  condition  of  leaving  just  sufficient  heat  to 
completely  dry  the  coke  before  the  car  reaches  the  bins  it  is  practi- 
cally impossible  to  realize. 

14  We  believe  that  it  will  be  conceded  that  coke  cooled  without 
water  is  harder  and  stronger,  and  will  stand  dropping  into  bins  with 
less  breakage.  The  quantity  of  breeze  will  be  less,  and  since  the  coke 
is  in  larger  pieces  and  not  full  of  shrinkage  cracks,  there  will  be  less 
of  it  lost  by  the  dissolving  action  of  the  carbon  dioxid  gas  in  the 
upper  zones  of  the  furnace. 

15  The  increased  value  of  the  coke  will  far  more  than  doubly 
repay  the  probable  cost  of  750  ft.  of  conveyors  moving  at  a  speed  of 
3  ft.  per  minute. 

Mr.  C.  G.  Atwater  The  discussion  which  I  have  to  ofifer  on  Mr. 
Blauvelt's  complete  and  well  considered  summary  of  the  by-product 
coke  oven  situation  up  to  date,  consists  of  the  operating  figures  of 
the  industry  in  this  country  for  the  year  1907,  which  naturally  were 
not  available  at  the  time  the  paper  was  written.  These  figures  have 
been  compiled  from  reports  made  to  me  by  all.  or  nearly  all,  of  the 
oven  operators.  The  courtesy  of  these  gentlemen,  among  whom  is 
Mr.  Blauvelt,  I  wish  to  acknowledge  here. 

2  The  total  figures  are  given  in  the  following  table: 

OPERATING  DATA  FOR  BY-PRODUCT  COKE  OVENS  IN  U.  S.  FOR  THE  TEAR   1907 

Coal  carbonized,  net  tons 7  391  285 

Coke  produced,  net  tone 5  492  425 

Tar  produced,  U.  S.  gallons 53  393  495 

Ammonium  sulphate,  or  sulphate  equivalent,  produced,  net  tons.                62  700 

Gas  produced  and  sold,  cu.  ft.  (from  reports  and  estimates) 12  588  000  000 

Total  gas  produced  beyond  that  used  for  oven  heating,  cubio  feet 

estimated  too  heavy 15  500  000  000 

3  These  items  I  will  discuss  in  order:  The  coal  carbonized  in 
1906  in  by-product  ovens,  as  given  by  the  U.  S.  Geological  Survey, 
was  6  192  068  net  tons,  or  something  over  a  million  tons  less  than 
was  carbonized  in  1907.     Similarly,  the  coke  they  produced  in  1906  waa 
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4  558  127  net  tons,  very  close  to  a  million  tons  of  coke  behind  the 
1907  figures.  The  yield  of  coke  per  ton  of  coal  was  73.6  per  cent 
in  1906,  and  74.3  per  cent  in  1907,  this  difference  being  probably  due 
to  the  iQcreased  carbonization  of  low  volatile  coal  yielding  a  high 
coke  percentage,  in  the  latter  year. 

4  The  total  coke  production  of  the  United  States  was  but  three 
or  four  hundred  thousand  tons  greater  in  1907  than  in  1906,  as 
nearly  as  preliminary  estimates  can  ascertain;  therefore  it  may  be 
seen  from  the  previous  statement  that  the  gain  in  total  coke  produc- 
tion was  all  due  to  the  by-product  oven,  and  that  the  production 
from  beehive  ovens  actually  fell  oflF  to  some  extent.  Up  to  the  last 
two  months  of  the  year  the  coke  production  from  both  sources 
promised  to  be  ahead  of  any  previous  year,  but  the  industrial  depres- 
sion intervened,  and  the  beehive  ovens,  being  better  adapted  to  shut- 
ting down  and  starting  up  again  on  short  notice,  naturally  suffered 
first  If  we  assume  that  the  total  production  was  37  000  000  net 
tons,  which  is  probably  beyond  the  actual  figure,  the  proportion  of ' 
by-product  coke  produced  is  very  close  to  15  per  cent.  For  the 
year  1906,  as  shown  by  the  figures  given  in  Mr.  Blauvelt's  paper, 
the  proportion  was  12.5  per  cent,  so  that  the  year  1907  will  probably 
show  a  good  advance  here,  as  was  to  be  expected  from  the  other 
figures.  If  we  review  the  figures  for  years  past,  as  given  in  the  paper 
above-mentioned,  we  find  that  such  an  advance  from  year  to  year  has 
occurred  several  times,  and  that  the  by-product  coke  oven  has  made 
steady  progress  since  its  introduction. 

5  The  production  of  tar  in  by-product  ovens  in  1905  is  given  as 
36  379  854  gal.,  the  report  on  this  product,  as  well  as  that  on  gas 
and  ammonia,  having  been  omitted  for  the  year  1906  by  the  Geologi- 
cal Survey.  The  figure  given  in  the  table  for  1907  shows  an  increase 
of  something  over  17  000  000  gal.,  or  about  47  per  cent  for  the 
two  years.  The  actual  yield  of  tar  per  net  ton 'of  coal  carbonized 
was  7.22  gal.  in  1907,  7.86  gal.  in  1906  and  7.77[gal.  m  1904.  This 
decrease  in  tar  per  ton  of  coal  is  due  to  the  increasing  use  of  ^the 
lower  volatile  coals,  to  which  cause  the  increased  yield  of  coke;  was 
also  ascribed.  Though  these  coals  give  lesser  yields  of  gas7and 
unmonia,  as  well  as  tar,  they  give  an  excellent  quality  of  coke  as 
well  as  a  larger  quantity,  so  that  their  use  will  probably  increase  as 
time  goes  on. 

6  The  production  of  ammonia,  in  the  form  of  ammonium  sulphate 
or  its  equivalent,  amounted  to  a  little  less  than  62  700  net  tons,  or 
About  17  lb.  of  sulphate  per  net  ton  of  coal  carbonized.    When  it  is 
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considered  that  this  figure  covers  all  the  vicissitudes  of  operation 
throughout  the  whole  industry,  it  must  be  regarded  as  a  very  credit- 
able one  indeed,  though  doubtless  still  capable  of  improvement. 

7  The  figure  for  gas  produced  and  sold  cannot  be  regarded  as 
strictly  accurate,  as  some  of  the  items  included  in  it  are  estimated. 
It  is  intended  to  represent  the  amount  of  gas  from  by-product  ovens 
that  actually  came  upon  the  market,  on  the  same  basis  as  city  gas 
or  natural  gas.  Some  of  it  was  used  for  heating  steel  furnaces  or 
glass  furnaces  or  for  steam  making,  or  for  direct  power  generation  in 
the  gas  engine,  but  a  good  proportion  of  it  was  used  in  general  city 
distribution,  either  alone  or  in  combination  with  carburetted  water 
gas.  It  does  not  include  gas  from  all  the  plants,  however,  as  some 
are  operated  on  low  volatile  coal  which  produces  only  enough  gas  to 
heat  the  ovens  themselves  properly,  and  at  other  plants  the  gas  is  not 
sold  at  all,  but  is  used  for  raising  steam  or  for  other  purposes  around 
the  plant,  or  wasted.  The  amount  of  coal  carbonized  at  the  plants 
reporting  their  gas  as  all  or  partly  sold  was  about  5  600  000  net  tons, 
or  there  was  about  2250  cu.  ft.  of  gas  disposed  of  per  net  ton  of  coal 
carbonized.  It  is  believed  that  this  figure  is,  if  anything,  below  the 
actual  facts. 

8  The  figure  for  total  gas  produced  beyond  that  needed  in  heating 
the  ovens  is  intended  to  include  the  gas  used  for  steam  raising  or 
other  purposes  around  the  coke  plants  themselves,  wasted  for  lack 
of  an  immediate  use  or  by  leakage  in  distribution,  or  which  for  any 
other  reason  cannot  be  included  in  the  figure  for  gas  sold.  The 
amount  is  estimated  in  many  instances,  but  such  estimates  are  made 
on  a  very  conservative  basis. 

9  To  turn  to  another  phase  of  the  by-product  coke  oven  subject, 
viz.,  the  use  of  coke-oven  gas  in  the  gas  engine,  I  would  like  to  ask 
a  question.  It  has  been  stated  to  me,  as  a  point  developed  in  experi- 
ence with  a  coke-oven  gas  containing  considerable  sulphur,  that  the 
piston  rod  of  the  engine  lost  its  lubrication  and  became  dry  when  the 
cooling  water  in  the  rod  was  allowed  to  get  too  cold,  but  that  if  the 
water  was  kept  up  to  a  moderately  high  temperature,  the  oil  adhered 
better  and  the  danger  of  scoring  the  rod  appeared  to  be  less.  Such 
an  action  might  be  attributed  to  more  condensation  of  acidulated 
moisture  on  the  cooler  rod,  hence  more  removal  of  the  oil  than  when 
the  moisture  and  acid  vapors  remained  volatile  and  went  off  in  the 
exhaust.  I  would  like  to  know  whether  any  one  has  had  experience 
with  sulphurous  gases  that  bears  upon  this  point,  and  whether  the 
explanation  suggested  is  in  accordance  with  our  knowledge  of  the 
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somewhat  obscure  reactions  that  take  place  in  the  cylinder  of  an 
internal  combustion  engine. 

Prop.  R.  H.  Fernald  Referring  to  the  action  of  sulphur  on  gas 
engines,  we  operated  the  engines  in  the  government  testing  station  in 
St.  Louis  for  2^  years  and  used  no  purifier.  We  used  bituminous  coals, 
lignites  and  peats.  The  highest  percentage  of  sulphur  in  any  fuel  used 
was  8.2,  contained  in  California  lignites.  These  fuels  were  used  without 
cleansing  as  far  as  the  sulphur  was  concerned  and  we  had  no  diflBculty 
at  all  with  the  engines  so  long  as  we  carried  out  the  scheme  of  Mr, 
Bibbins  for  keeping  the  water  away  from  the  sulphur.  We  carried 
the  gas  directly  into  the  engine  and  discarded  the  purifier.  When 
the  plant  was  removed  we  left  the  purifier  in  St.  Louis  and  have  made 
no  use  of  it  since. 

Mr.  John  C.  Parker  Two  points  brought  out  by  Mr.  Bibbins' 
very  interesting  discussion  and  his  citation  of  the  Lebanon  plant 
present  themselves  to  the  speaker  as  being  of  especial  interest. 

2  Mr.  Bibbins  has  referred  to  the  sale  for  power  purposes  of  such 
by-product  gas  as  may  occur  and  to  the  use  of  this  by  the  customer 
as  it  may  be  generated.  I  should  like  tg  inquire  what  source  of  supply 
is  used  during  the  period  when  the  coke  ovens  have  not  a  sufiScient 
supply  of  by-product  gas  to  furnish  the  necessary  demand  of  the  gas 
engines.  Is  it  economically  possible  for  the  customers  to  carry  stand- 
by producer  plants? 

3  The  other  point  involves  the  determination  of  price  in  the  sale  of 
any  economic  utility.  Two  things  determine  the  sale  price:  the  cost 
of  production  and  the  value  of  the  utility  rendered.  In  the  case  of 
by-product  sale  the  cost  of  production  is  indeterminate  between 
that  of  the  fundamental  product  and  the  by-product,  but  the  com- 
pound cost  of  production  is  very  definite,  depending  upon  the  ratio 
upon  which  the  fundamental  product  and  by-product  may  be  sold. 
If  there  is  a  large  demand  for  one  of  the  products,  which,  for  the  sake 
of  discussion,  we  will  call  the  fundamental,  the  price  of  this  will  tend 
to  rise,  and  in  order  to  dispose  of  the  by-product  the  price  of  it  must 
be  marked  by  the  value — in  competition — of  the  utility  rendered. 
K  in  the  early  days  of  the  business  this  price  is  placed  to  meet  compe- 
tition it  is  likely  to  be  set  at  a  very  low  figure  which  may  induce  a 
comparatively  large  demand.  It  would  be  difficult,  however,  to 
raise  the  price,  as  in  the  sale  of  any  public  utility  there  is  a  general 
prejudice  against  the  raising  of  price  for  any  reason  whatever.     Where 
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by-product  gas  is  sold  in  competition  with  other  forms  of  power  it 
might  seem  that  there  would  be  a  danger  of  over  sale  resulting  in 
forcing  the  main  product  to  become  a  by-product,  as  has  happened  in 
so  many  industries.  In  the  case  of  the  sale  of  a  public  utility,  such  as 
gas  for  power  purposes,  is  it  right  to  refuse  arbitrarily  the  sale  of  power 
gas  before  such  a  condition  is  reached;  or  should  a  di£Ferent  method  be 
used  to  prevent  the  growth  of  a  demand  which  may  necessitate  the 
manufacture  of  the  fundamental  product  in  quantities  beyond  the 
economic  market  value,  thus  nmning  down  the  profit  on  the  funda- 
mental product? 

Mr.  G.  J.  Rathbun  A  manufacturer  of  lubricating  oil  stated  to 
me  that  he  was  having  trouble  with  lubrication  of  piston  rods  on  a  gas 
engine,  where  the  gas  was  known  to  be  high  in  sulphur.  I  advised 
him  to  run  hot  water  through  the  rod  instead  of  cold  and  he  after- 
wards stated  that  this  overcame  the  difficulty. 

The  Author  In  considering  the  use  of  coke  oven  gas  for  gas 
engines  the  two  points  usually  considered,  aside  from  the  heat  value 
of  the  gas,  are  the  hydrogen  and  sulphur  contents.  In  a  gas  in  which 
the  nitrogen  is  properly  controlled  the  hydrogen  may  vary  from  40 
to  55  per  cent.  The  higher  percentages  of  hy(togen  in  coke  oven  gas, 
compared  with  other  gases,  were  formerly  thought  a  serious  objection. 
This  has  been  overcome,  as  Mr.  Bibbins  and  Dr.  Fernald  have  stated. 
From  the  reports  of  some  German  engineers  I  find  that  they  are  able  to 
prevent  pre-ignition  entirely  in  their  practice  by  varying  the  compres- 
sion in  inverse  proportion  to  the  value  of  the  gas  mixture.  A  proper 
control  of  the  admission  of  air  and  gas  by  the  governor,  so  that  the 
largest  charge  and  weakest  mixture  are  introduced  when  running 
under  light  loads,  and  the  smaller  charge  and  more  powerful  mixture 
under  heavy  loads,  prevents  injurious  pre-ignitions  and  produces  an 
equally  inflammable  mixture  and  uniform  explosion.  By  proper  care 
on  these  points  some  of  the  German  plants  have  operated  on  coke 
oven  gas  for  periods  of  four  months  without  cleaning  or  stopping  the 
engines. 

2  The  sulphur  in  coke  oven  gas  exists  in  two  forms,  namely 
hydrogen  sulphid  and  carbon  bi-sulphid.  The  former  may  be  readily 
removed  by  the  ordinary  purification  process,  but  the  latter  cannot 
be  removed  by  ordinary  methods.  Fortunately  it  exists  in  much  the 
smaller  proportion.  Of  course  the  amount  of  sulphur  in  the  gas 
depends  upon  the  coal  from  which  it  is  made.    The  stipulations  of 
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the  builders  of  the  Lebanon  plant,  referred  to  by  Mr.  Bibbins,  pro- 
vided for  a  gas  very  low  in  sulphur.  The  ordinary  specifications  for 
purified  illuminating  gas  stipulate  a  maximum  of  20  gr.  of  sulphur 
compounds  per  100  cu.  ft.,  but  this  is  of  course  a  thoroughly  purified 
gas.  Coke  oven  gas  made  from  coals  suitable  for  metallurgical  pur- 
poses contains  before  purification  from  1  50  to  400  gr.  per  100  cu.  ft. 
660  gr.  per  100  cu.  ft.  equals  one  per  cent  by  volume.  Good  (Jerman 
gas  engine  practice  does  not  regard  0.2  per  cent  of  sulphur  as  harmful 
and  does  not  purify  the  gas  even  when  the  percentages  run  higher. 
They  consider  that  copious  lubrication  of  the  parts  exposed  to  the 
gas  after  combustion  prevents  any  harm.  K  the  large  percentages  of 
sulphur  present  in  Professor  Fernald's  St.  Louis  experiments  can 
be  used  without  harm  by  the  simple  expedient  of  keeping  the  parts 
warm  to  prevent  condensation,  we  may  soon  hope  to  see  the  sulphur 
question  removed  from  consideration,  and  I  think  we  may  look  for- 
ward with  some  confidence  to  the  absence  of  apparatus  for  sulphur 
purification  in  a  gas  engine  plant  using  coke  oven  gas. 

3  In  the  consideration  of  coke  oven  gas  for  power  purposes,  the 
questions  of  supply  and  cost  are  of  course  essential.  Perhaps  these 
points  may  be  made  clearer  by  a  brief  consideration  of  the  by-prod- 
uct oven  operation.  A  by-product  coke  oven  plant  is  so  called  because 
originally  coke  was  the  only  product  from  a  coke  oven,  and  when  by 
the  improvement  of  the  oven  other  products  were  saved,  they  were 
called  by-products.  At  most  plants  coke  is  still  the  primary  prod- 
uct, and  especially  where  metallurgical  coke  is  made  the  recovery  of 
by-products  is  not  allowed  to  injure  the  production  of  the  best  possi- 
ble coke.  In  a  retort  oven  plant,  however,  the  coal  is  distilled  for  the 
purpose  of  recovering  several  products,  which  may  include  coke,  tar, 
ammonia,  benzol,  cyanides,  gas,  and  perhaps  others,  any  one  of  which 
may  be  the  primary  product,  and  all  the  others  by-products.  In 
the  distillation  of  coal  in  a  gas  works,  for  instance,  the  gas  retort 
takes  the  place  of  the  oven  and  the  primary  product  is  gas,  and  the 
coke,  tar,  ammonia,  etc.,  are  by-products.  In  the  large  plant  of  by- 
product coke  ovens  at  Everett,  Mass.,  it  might  be  correctly  said  that 
gas  is  the  primary  product,  and  the  coke,  tar,  and  ammonia  the  by- 
products, since  the  gas  is  used  to  supply  illuminating  gas  to  a  large 
number  of  consumers  and  is  an  important  part  of  the  gas  supply  of 
that  vicinity,  while  the  coke,  to  a  considerable  extent,  is  sold  as 
domestic  fuel  and  in  whatever  quantity  may  be  produced  in  furnish- 
ing the  necessary  supply  of  gas. 

4  In  undertaking  the  installation  of  a  by-product  coke  oven 
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plant,  the  owner  must  consider  the  operation  as  whole.  He  has 
certain  products  to  dispose  of  in  the  available  market,  and  he  must 
make  his  contracts  and  arrange  his  operation  to  meet  the  demand 
and  the  prices  obtainable.  If  he  has  contracted  to  deliver  a  certain 
product  at  the  maximum  rate  of  production,  it  may  become  neces- 
sary to  produce  more  of  some  other  product  than  can  be  disposed  of 
to  the  best  advantage.  This  would  result  in  loss  unless  he  were  able 
to  modify  his  operation,  perhaps  by  using  another  coal,  or  by  some 
improvement  in  process,  so  as  to  eflfect  a  re-adjustment  of  relations 
between  the  several  products.  The  prospective  owner  of  a  plant  con- 
siders fully  the  value  he  may  expect  from  each  of  the  products  of  the 
operation  in  connection  with  the  cost  of  production,  and  the  so-called 
'^by-products*'  are  no  longer  uncertain  in  quantity  and  value,  and 
treated  as  a  secondary  consideration,  though  it  may  have  been  so  to 
some  extent  in  the  earlier  days  of  the  by-product  oven. 

5  Of  course  the  application  of  these  statements  to  the  use  of  coke 
oven  gas  in  gas  engines  for  power  plants  is  that  the  operator  of  an 
oven  plant  contracting  to  deliver  a  certain  amount  of  gas  to  a  power 
plant  would  expect  to  live  up  to  his  contract  to  the  same  extent  as 
if  he  had  agreed  to  deliver  a  given  quantity  of  tar,  ammonia,  or 
coke. 

6  In  order  to  guard  against  accidents  beyond  the  control  of  the 
oven  manager,  and  insure  a  continuous  operation  of  the  power  plant, 
it  might  be  advantageous  to  install  a  producer  plant  of  sufficient  capac- 
ity to  operate  the  gas  engine.  As  Mr.  Bibbins  has  intimated  in  this 
discussion,  the  cost  of  such  insurance  would  not  be  prohibitive.  Or 
the  producer  plant  may  be  installed  at  the  coke  ovens  and  the  gas 
used  to  supplement  the  portion  of  the  oven  gas  ordinarily  consumed 
in  heating  the  ovens.  In  practice  the  operation  of  the  modern  by- 
product coke  oven  plant  has  not  been  found  subject  to  sudden  or 
great  fluctuations,  and  its  products  may  be  reUed  upon  as  fully  as 
those  from  any  manufacturing  plant. 
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THE  HORSE   POWER,  FRICTION   LOSSES  AND 
EFFICIENCIES  OF  GAS  AND  OIL  ENGINES 

By  Prof.  Lionel  S.  Marks,  Cambridqe,  Mass. 
Member  of  the  Society 

For  a  whole  century  the  indicated  horse  power  of  the  steam  engine 
has  been  accepted  as  the  most  satisfactory  measure  of  the  work  done 
in  the  cylinder  of  that  engine.  When  the  gas  engine  came  into  use  it 
was  but  natural  that  the  same  measure  of  its  power  should  be  used. 
So  long  as  the  whole  cycle  took  place  in  one  cylinder  there  was  but 
little  doubt  as  to  what  was  meant  by  the  indicated  horse  power 
of  the  engine;  but  when  auxiliary  air  and  gas  pumps  were  used,  the 
indicated  horse  power  required  special  definition.  A  committee  of 
the  Society  reported  in  1902  a  code  of  rules  which  contained  this 
special  definition,  and  which  has  given  a  consistent  meaning  to  the 
indicated  horse  power  of  steam  engines  and  of  gas  and  oil  engines  of 
all  types. 

2  The  definition  referred  to  is  not,  however,  universally  accepted. 
The  pages  of  the  Zeitschrift  des  Vereins  devJLscher  Ingenieure  for  1905 
contain  a  long  and  most  animated  discussion  by  many  of  the  ablest 
German  en^neers  on  the  meaning  of  indicated  horse  power  and 
mechanical  efficiency  in  two-cycle  engines,  and  they  show  very 
marked  differences  of  opinion  as  to  the  correct  method  of  calculating 
those  quantities.  Within  the  past  few  months  the  definition  of  the 
indicated  horse  power  of  a  four-cycle  engine  has  been  the  subject  of 
debate  by  the  British  Institution  of  Mechanical  Engineers,  and  a 
strong  tendency  has  manifested  itself  to  take  as  the  measure  of  the 
indicated  work  of  a  four-cycle  engine  only  that  area  which  is  included 
in  the  positive  loop  of  the  indicator  card. 

3  In  all  cases  it  has  been  assumed  that  the  indicated  horse  power 
is  the  best  measure  of  the  work  done  in  the  engine,  but  the  differences 
of  opinion  as  to  the  methods  of  its  measurement  are  really  indications 
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of  the  fact  that  the  indicated  horse  power  of  an  engine,  and  the  quan- 
tities deduced  from  it,  do  not  give  that  information  which  engineers 
have  been  trying  to  extract  from  them.  The  fundamental  trouble 
with  the  indicated  horse  power  as  the  unit  of  power  is  that  it  does  not 
represent  the  actual  work  done  by  the  working  substance,  but  the 
difference  between  that  quantity  and  _certain  i  resistance.  Conse- 
quently it  does  not  permit  a  comparison  to^bemade  between  the 
actual  amounts  of  work  ^  done  by  the' working';  [substances  in  the 
cylinders  of  engines  of  different  types. 

•7^4  So  far  as  the  steam  engine  is  concerned,  the  indicated  horse 
power  is  certainly  the  most  convenient  and  probably  the  most  prac- 


FiQ.  1    Indicator  Card  of  Steam  Engine 

tical  method  of  stating  the  amount  of  work  that  is  done  in  the  engine; 
but  for  gas  and  ail  engines,  it  is  possible  to  use  another  method  of 
stating  the  power  of  the  engine)  a  method  which  is  not  only  more  conveni- 
ent and  practical  biU  which  also  gives  more  information  as  to  the  real 
actions  taking  place,  and  forms  a  better  basis  for  the  comparison  of  the 
thermodynamic  performance  of  engines  of  different  types. 

5  ^  The  indicated  horse  power  of  a  steam  engine  is  really  the  alge- 
braic sum  of  two  quantities;  these  are  (a)  the  total  work  done  by  the 
steam  inside  the  cylinder  and  (6)  the  negative  work  done  in  overcoming 
the  frictional  and  inertia  resistances  of  the  steam  during  the  exhaust 
period.  Thus  in  Fig.  1  the  total  work  done  by  the  steam  in  the 
cylinder isacdfb,  and  of  this  the  amount  f  eab'iB  used  up  in  over- 
coming the  resistances  to  the  escape  of  the  steam,  leaving  the  area 
ecdfns  the  indicated  work,  or  the  total  work  done  on  the  piston. 

6  The  work  done  in  the  cylinder  is  not  however  the  total  work 
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done  by  the  steam,  since  the  steam  has  to  do  work  in  order  to  over- 
come the  resistances  to  its  admission.  In  Fig.  1,  if  ^  A  represents  the 
boiler  pressure,  the  area  ghdc  is  the  work  that  the  steam  has  to  do 
in  order  to  flow  from  the  boiler  to  the  cylinder.  The  total  work  done 
by  the  steam  is  consequently  the  area  ghba;  and  the  arqac  d/  e  (i.  e., 
the  indicated  work)  is  the  difference  between  the  total  work  done  by 
the  steam  and  the  work  necessary  to  get  the  steam  into  and  out  of 
the  cylinder.  The  total  work  done  by  the  steam  in  a  steam  engine  is 
not  shown  directly  on  the  indicator  card,  but  has  to  be  obtained  by 


FiQ.  2    Indicator  Card  of  Four-cycle  Gas  Engine 


drawing  in  the  boiler  pressure  line  and  prolonging  the  indicator  card 
to  meet  it. 

7  The  indicated  horse  power  of  gas  and  oil  engines  is  defined  by 
the  Code  of  1902  of  the  Committee  on  Standardizing  Engine  Tests,  as 
the  power  developed  in  the  engine  cylinder  (the  algebraic  sum  of  posi- 
tive and  negative  works)  minus  the  power  indicated  in  the  separate 
compression  or  feed  cylinders,  if  there  are  any. 

8  In  a  four-cycle  engine,  according  to  this  definition,  the  indicated 
work  is  equal  to  the  difference  between  the  areas  cde/  and  fagb,  Fig. 
2.  If  the  area  efbhe  added  to  each  of  these,  the  indicated  work  is 
seen  to  be  the  difference  between  the  areas  cdeb  and  eagb.  The 
area  cdeb  is  the  total  work  done  by  gas;  the  area  a ^  b  is  the  work 
done  in  overcoming  the  resistances  to  the  admission  of  gas,  and  the 
area  6  a  b  is  the  work  done  in  overcoming  the  resistances  to  the 
exhaust  of  the  gas;  or  in  other  words  the  area  eagb  represents  the 
work  that  has  to  be  done  to  get  the  charge  into  and  out  of  the  cyl- 
inder.   The  indicated  work  of  a  four-cycle  engine  is  consequently 
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seen  to  be  the  diflference  between  (1)  the  total  work  done  by  the  gas, 

and  (2)  the  work  necessary  to  get  the  gas  into  and  out  of  the  cylinder. 

9    In  a  two-cycle  engine  with  separate  air  and  gas  pumps,  or  with 

preliminary  compression  of  the  charge  in  the  crank  case,  the  indicated 


FiQ.  3    Indicator  Card  of  Two-ctcle  Gas  Engine 

horse  power,  according  to  the  definition,  is  the  diflference  between  (1) 
the  main  cylinder  horse  power,  Fig.  3,  and  (2)  the  indicated  horse  powers 
of  the  air  and  gas  pumps.  Fig.  4  and  5,  or  of  the  crank  case,  Fig.  6.    In 


Fig.  4    Indicator  Card  of  Air  PtJMP 

this  engine  the  exhaust  occurs  only  near  the  end  of  the  stroke,  so  that 
the  amount  of  work  done  by  the  main  cylinder  piston  in  overcoming 
the  resistance  to  the  escape  of  the  gases  is  so  small  as  to  be  practically 


Fig.  5    Indicator  Card  of  Gas  Pump 

negligible.  The  work  represented  by  Fig.  3  is  the  total  work  done  by 
the  gas;  while  the  work  represented  by  Fig.  4,  5  and  6  is  the  work 
done  in  overcoming  the  resistance  to  the  admission  of  the  charge  and 
consequently,  in  part,  the  work  done  in  overcoming  the  resistance 
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to  the  exhaust,  since  the  incoming  charge  helps  to  force  out  the 
exhaust  gases.  The  indicated  horse  power  of  a  two-cycle  engine  is 
seen  to  have  practically  the  same  meaning  as  the  indicated  horse 
power  of  a  four-cycle  engine. 

10    In  a  Diesel  motor,  the  conditions  are  the  same  as  in  an  ordi- 
nary four-cycle  engine,  with  the  addition  that  work  is  done  in  com- 


FiG.  6    Indicator  Card  of  Crank  Case 

pressing  the  air  used  to  spray  the  fuel.  The  indicated  horse  power 
of  the  air  compressor  must,  according  to  the  definition,  be  subtracted 
from  the  indicated  horse  power  of  the  main  cylinder  in  order  to  obtain 
the  indicated  horse  power  of  the  engine.  The  difference  between  the 
areas  cdeb  and  eagby  Fig.  7,  is  the  indicated  work  of  the  main  cylin- 
der, and,  as  with  the  four-cycle  engine,  Fig.  2,  it  is  the  difference  be- 
tween the  work  done  by  the  gas  in  the  cylinder  and  the  negative  work 


9 
Fig.  7     Indicator  Card  of  Diesel  Engine 

done  in  overcoming  the  admission  and  exhaust  resistances.  The  com- 
pressor card,  however.  Fig.  8,  is  different  from  the  compressor  cards 
for  the  two-cycle  engine.  Fig.  4  and  5,  for  it  represents  not  only  the 
work  required  to  overcome  the  frictional  resistances  to  admission  of 
the  fuel  spray  to  the  cylinder,  but  also  the  work  of  compressing  the 
air  used  for  spraying,  up  to  the  pressure  existing  in  the  cylinder  dur- 
ing the  admission  of  the  charge.    It  is  obvious  that  if  a  large  percent- 
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age  of  the  air  used  per  cycle  in  a  Diesel  motor  were  compressed  in  the 
air  compressor  instead  of  in  the  main  cylinder,  there  would  be  a  seri- 
ous error  in  regarding  the  work  done  in  the  compressor  as  part  of  the 
frictional  resistance  to  the  admission  of  the  fuel.  In  actual  engines, 
the  indicated  work  of  the  compressor  pump  is  generally  at  least  6  per 
cent  of  the  indicated  work  of  the  main  cylinder.  It  is  easily  possible 
by  drawing  the  cylinder  admission  pressure  line c don  Fig.  8  to  sep- 
arate the  work  done  there  into  its  two  components;  the  work  done  in 
compressing  the  charge  (area  b)  and  the  work  done  in  overcoming 
discharge  resistances  (area  a).  The  frictional  resistance  to  the 
admission  of  air  to  the  compressor  is  too  small  to  be  shown  on  the  dia^ 
gram.  The  total  work  done  by  the  charge  is  then  the  algebraic  sum 
of  the  positive  area  cdeb,  Fig.  7,  and  the  negative  area  b  Fig.  8,  the 
work  done  in  overcoming  frictional  resistances  is  the  sum  of  the  areas 


Fig.  8    Indicator  Card  of  Air  Compressor  Diesel  Engine 

eagb,  Fig.  7,  and  a,  Fig.  8.  The  indicated  horse  power  of  a  Diesel 
motor  has  the  same  meaning  as  the  indicated  horse  power  of  a  four- 
cycle or  a  two-cycle  engine;  it  is  the  difference  between  (1)  the  total 
work  done  by  gas,  and  (2)  the  frictional  resistances  to  the  admission 
and  exhaust  of  the  gases. 

11  In  the  analysis  of  the  performance  of  a  heat  engine,  there  are 
two  principal  quantities  that  the  engineer  wants  to  know,  namely,  (a) 
the  thermodynamic  efficiency  of  the  engine,  or  the  percentage  of  the 
total  heat  going  to  the  engine  that  is  actually  converted  into  work, 
and  (b)  the  net  efficiency  of  the  engine,  or  the  percentage  of  the 
total  heat  going  to  the  engine  that  is  available  for  doing  useful  work. 
The  difference  between  these  two  efficiencies  is  the  percentage  of  the 
total  heat  going  to  the  engine  that  has  been  used  up  in  overcoming  the 
various  resistances  which  the  engine  itself  offers  to  the  carrying  out 
of  the  cycle  of  operations. 
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12  It  has  been  the  practice  in  the  past  to  calculate  the  thermo- 
dynamic efficiency  by  finding  the  ratio  of  the  indicated  work  to  the 
total  heat  supplied.  But  this  does  not  really  measure  the  percentage 
of  the  total  heat  that  has  been  converted  into  work;  it  measures  the 
percentage  of  the  total  heat  that  is  available  for  doing  work  after  cer- 
tain engine  resistances;  viz :  those  offered  to  the  admission  and  exhaust 
of  the  working  substances,  have  been  overcome.  The  thermody- 
namic efficiency  of  an  engine  should  have  but  one  meaning  and  that 
is  the  efficiency  of  the  engine  in  converting  heal  into  work,  irrespective  of 
whether  that  work  is  used  up,  in  part,  in  overcoming  engine  resist- 
ances or  remains  entirely  available  for  useful  applications.  That  is 
the  plain  meaning  of  the  term  and  the  only  meaning  which  will  per- 
mit a  direct  comparison  of  the  efficiencies  of  the  processes  actually 
occurring  in  the  cylinders  of  different  engines.  If  the  indicated  work 
is  used  in  calculating  the  thermodynamic  efficiencies,  such  a  compari- 
son does  not  necessarily  throw  any  light  on  the  actual  processes  at 
all.  since  the  frictional  resistances  resulting  from  a  poor  design  of 
compi-ession  pumps,  valves,  ports,  etc.,  may  mort^  than  offset  the  gain 
from  the  use  of  a  more  efficient  cycle. 

13  It  is,  mote'jver,  important  that  the  thermodynamic  efficiency 
should  have  the  suggested  meaning  in  order  to  permit  a  fair  compar- 
ison with  the  ideal  cycle  To  state  that  the  thermodynamic  effi- 
ciency of  a  gas  engine  is  60  per  cent  of  the  thermodynamic  efficiency 
of  the  ideal  gas  engine  working  under  the  same  external  conditions, 
is  entirely  misleading,  if  the  gas  friction  resistances  to  admission  and 
exhaust  have  been  subtracted  from  the  total  work  done  by  the  gaa. 
In  some  engines,  the  gas  friction  resistances  may  amount  to  15  or  20 
per  cent  of  the  total  work,  and  if  that  were  the  case,  an  actual  ratio 
of  efficiencies  of  70  per  cent  would  appear  to  be  but  60  per  cent,  that 
is,  the  apparent  possibility  of  improvement  of  the  purely  thermody- 
namic processes  would  be  reduced  from  40  per  cent  to  30  per  cent.  If 
the  gas  friction  is  taken  into  account  in  calculating  thermodynamic 
efficiencies,  there  does  not  seem  any  sufficient  reason  why  the  machine 
friction  should  not  sim-larly  be  taken  into  account.  The  process  of 
getting  the  charge  into  and  out  of  the  cylinder  is  purely  mechanical — 
it  is  not  part  of  the  thermodynamic  cycle. 

1 4  The  w  riter  believes  that  for  gas  and  oil  engines,  the  power  of  the 
engine  can  be  most  usefully  expressed  in  terms  of  total  work  done  by 
the  working  substance — ^this  might  be  called  the  total  horse  power,  or, 
since  it  measures  the  amount  of  heat  converted  into  work,  the  thermo- 
dynamic horse  power.    The  total  work  for  a  four-cycle  engine  is  the 
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area  cdeb,  Fig.  2;  for  a  two-cycle  engine,  the  area  of  Fig.  3;  and  for 
a  Diesel  engine,  the  area  cde6,  Fig.  7,  minus  the  work  represented  by 
the  area  6,  Fig.  8,  of  the  air  compressor  card.  As  measured  in  this  . 
manner,  the  total  work  is  not  entirely  independent  of  the  design  of 
exhaust  valves  and  passages,  since  the  occurrence  of  release  before 
the  end  of  the  stroke  (which  is  necessitated  by  the  resistances  of 
the  exhaust)  reduces  the  total  work  area.  It  is  only  in  the  case  of 
the  comparatively  early  exhaust  of  the  two-cycle  engine  that  the 
actual  work  might  be  considered  as  being  affected  in  an  appreciable 
manner  by  the  release  before  the  end  of  the  stroke.  It  is,  how- 
ever, proper  to  regard  the  work  of  this  cycle  as  being  finished  when 
the  exhaust  opens — the  toe  of  the  diagram  being  the  equivalent  of 
the  negative  area  of  the  four-cycle  diagram.  Since  the  area  of  the 
toe  of  the  diagram  is  always  extremely  small,  its  inclusion  in  the 
total  work  area  introduces  no  appreciable  error. 

15  The  total  work  done  by  the  working  substance  is  used  up  in 
three  ways: 

a  In  overcoming  the  resistances  to  the  admission  and  exhaust 
of  the  charge ;  this  may  be  called  gas  friction  work. 

b  In  overcoming  engine  friction  (this  may  be  called  machine 
fiiction  work), 

c  In  doing  usefvl  work. 

Id  The  indicated  horse  power  is  then  the  total  horse  power  minus 
the  gas  friction  horse  power  and  it  retains  the  meaning  it  has  always 
had. 

17  An  ordinary  gas  engine  test  permits  the  determination  of  the 
total  horse  power,  the  gas  friction  horse  power,  the  machine  friction 
horse  power  and  the  useful  or  brake  horse  power.  The  value  of  find- 
ing these  separate  horse  powers  will  be  apparent  if,  for  example,  a 
comparison  is  to  be  made  between  two-cycle  and  four-cycle  gas 
engines.  It  is  urged  against  the  two-cycle  engine  that  it  obtains  its 
very  great  advantage  of  nearly  doubled  power  per  cubic  foot  of  piston 
displacement,  at  a  cost  of  considerable  loss  in  efficiency.  This  loss  in 
efficiency  is  said  to  be  (1)  thermodynamic,  resulting  from  (a)  the  loss 
of  some  of  the  charge  to  the  exhaust  during  admission,  or  (6)  the  retain- 
ing of  too  much  of  the  burnt  gases  in  the  cylinders;  (2)  gas  friction  loss 
resulting  from  the  separate  compression  of  the  gas  and  air  and  the 
consequent  extra  valve  and  pipe  resistance;  and  (3)  machine  friction 
losses  resulting  from  the  actual  mechanical  arrangements.  The  state- 
ment of  the  separate  horse  powers  will  throw  light  at  once  upon  all 
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these  points,  and  will  show  also  wherein  any  particular  engine  fails  to 
come  up  to  the  standard  of  its  class. 

18  From  the  commercial  point  of  view,  there  is  no  advantage  in 
retaining  the  indicated  horse  power,  since  it  is  the  brake  horse  power 
that  the  engine  user  wants.  From  the  scientific  point  of  view,  the 
indicated  horse  power  can  be  of  use  only  for  the  comparative  study  of 
engines  and  if  it  is  not  the  best  measure  of  power  for  that  purpose,  it 
should  not  be  permitted  to  retain  its  present  position. 

19  K  the  total  horse  power,  gas  friction  horse  power,  machine 
friction  horse  power  and  brake  horse  power  are  used  as  the  standard 
measures  of  the  engine  power  and  losses,  the  various  engine  efficien- 
cies could  be  defined  in  the  following  manner: 

Total  work 
Woik  equivalent  d^tal  heat  supply  =  thermodynamic  efficiency 

Brake  work 

Total  work    =  ""^^"^  "^^^^^^ 

Brake  work  Brake  work         Mechanical 


Total  work — Cias  friction  work       Indicated  work      efficiency 

Brake  work  ^^       ^  . 

^ -  ^  Net  effi,ciency 

Work  equivalent  of  total  heat  supply 

Thermodynamic  efficiency  X  engine  efficiency  =  Net  efficiency 

20  These  definitions  retain  for  indicated  horse  power  and  mechan- 
ical efficiency  their  usual  meanings. 

21  The  thermodynamic  efficiency  is  the  actual  efficiency  of  the 
process  of  converting  heat  into  work;  the  engine  efficiency  is  the  true 
measure  of  all  the  frictional  losses  of  the  actual  mechanism,  not  only 
the  friction  of  bearings  and  pistons,  but  also  of  the  gas  entering  and 
leaving  the  cylinder;  and  the  net  efficiency  is  the  quantity  that  inter- 
ests the  person  who  pays  the  bills  for  fuel.  The  mechanical  efficiency 
has  its  use  in  showing  the  extent  of  machine  friction  losses,  but  unless 

•  the  engine  efficiency  is  also  stated,  it  tends  to  obscure  the  real  mag- 
nitude of  the  more  or  less  avoidable  friction  losses  in  an  engine. 

22  There  would  be  certain  incidental  advantages  from  the  use  of 
total  horse  power  as  the  unit  of  measurement  apart  from  the  more 
important  scientific  advantages  of  a  unit  which  means  a  single  definite 
thing — and  not  the  sum  of  two  quantities  of  very  different  kinds.     In 
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ordinary  practice,  there  is  more  complexity  and  greater  possibility 
of  inaccuracy  in  the  measurement  of  the  indicated  horse  power  of  gas 
and  oil  engines  than  is  the  case  with  steam  engines.  The  greater 
rimplexity  arises  from  the  fact  that  it  is  necessary  in  the  two-cycle 
engine  to  take  indicator  cards  not  only  from  the  main  cylinder  but 
also  f n>m  the  auxiliary  gas  and  air  pumps  or  from  the  crank  case,  and 
for  a  Die?el  engine,  it  is  necessary  to  take  cards  from  the  air  com- 
pressor as  well  as  the  main  cylinder.  The  greater  inaccuracy  results 
from  the  fact  that  in  going  around  the  negative  area  of  the  four-cycle, 
or  Diesel-cycle  cards,  the  probable  planimeter  error  has  the  same 
absolute  magnitude  as  in  going  around  the  po^t^ive  area,  and  these  two 
errors  may  both  be  of  the  same  sign.  If,  to  avoid  this,  a  weak  spring 
diagram  is  taken  of  the  work  of  the  exhaust  and  suction  strokes,  we 
have  the  complexity  of  another  indicator.  Of  course  when  scientific 
results  are  needed,  in  which  case  the  gas  friction  horse  power  must 
be  obtained,  it  will  be  necessary  to  take  cards  from  all  the  auxiliar}' 
cylinders,  and  the  greater  complexity  cannot  be  avoided;  but  for 
ordinary  commercial  purposes,  if  any  measurement  of  power  is 
required  beside  the  brake  horse  power,  the  total  horse  power  would 
serve  quite  as  well  as  the  indicated  horse  power,  and  it  could  be 
obtained  more  easily  and  with  more  accuracy.  Commercially,  the 
indicated  horse  power  is  of  no  particular  use  when  the  brake  horse 
power  is  known,  and  scientifically  it  is  less  useful  than  the  total  horse 
power. 

23  The  proposed  new  measure  of  power  cannot  be  applied  con- 
veniently to  the  steam  engine,  nor  does  it  seem  desirable  so  to  apply  it, 
since  the  practice  in  that  case  is  firmly  fixed.  In  the  steam  engine, 
part  of  the  compression  work  is  carried  out  in  the  air  and  feed  pumps, 
but  the  indicated  work  in  these  auxiliaries  is  not  taken  into  account 
in  calculating  the  indicated  horse  power:  i.  e.,  a  different  practice 
exists  from  that  which  the  Society  recommends  as  proper  for  the 
determination  of  the  indicated  horse  power  for  gas  and  oU  engine''. 
The  history  of  the  steam  engine  probably  lies  more  in  the  past  than  in 
the  future,  so  that  a  change  in  practice  is  not  particularly  desir- 
able, even  if  practicable:  but  hist^^ry  of  the  gas  and  oil  engines 
almost  entirely  in  the  future,  and  a  proper  choice  of  the  units  of  power  • 
may  help  to  make  that  history  more  clear. 

24  In  conclusion,  the  writer  wishes  to  submit  to  the  Society  the 
desirability  of  an  early  revision  of  the  code  of  rules  for  carrying  out 
and  reporting  gas  and  oil  engine  tests.  The  remarkable  extension 
in  the  use  of  the  gas  engine,  the  gi-owth  of  the  large  variety  of  types 
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which  it  has  stimulated,  the  considerable  body  of  research  throw- 
ing light  on  that  form  of  motor  which  has  been  published  since  the 
appearance  of  the  code,  have  made  it  apparent  that  the  code  is 
deficient  in  certain  respects,  and  have  rendered  many  changes  desirable. 
25  When  such  revision  is  made,  the  writer  hopes  that  there  may  be 
incorporated  in  it  the  suggestions  as  to  horse  power  and  efficiencies 
which  he  has  presented  above. 

DISCUSSION 

Mr.  Henry  Harrison  Suplee  As  a  discussion  upon  the  paper  of 
Prof.  Lionel  S.  Marks,  the  m  rretary  of  the  Gas  Power  Section  of  the 
Society  was  requested  to  contribute  to  the  published  discussion  an 
abstract  of  the  controversy  which  took  place  before  the  Verein  devir 
scher  Ingenieure,  concerning  the  true  mechanical  efficiency  of  the 
modern  internal  combustion  engine. 

2  As  that  discussion  covered  many  pages  of  the  Zeitschrift  of  that 
Society,  and  aroused  a  somewhat  acrimonious  controversy,  it  has 
been  thought  best  to  give  simply  a  summary  of  the  essential  points 
involved,  as  forming  an  introduction  to  the  paper  of  Professor  Marks, 
and  to  refer  those  who  may  be  interested  in  the  details  of  the  dis- 
cussion to  the  reports  of  the  German  Society. 

3  At  the  forty-fifth  annual  convention  of  the  Verein  deuUcher 
Ingenieure,  held  at  Frankfort-am-Main,  on  June  6,  1904,  Professor 
Riedler  delivered  an  address  upon  the  subject  of  large  gas  engines, 
in  the  course  of  which  he  called  attention  to  the  fact  that  the  deter- 
mination of  the  mechanical  efficiency  of  such  machines  presented 
important  differences  from  the  accepted  conditions  for  the  steam 
engine. 

4  In  the  case  of  the  steam  engine,  the  mechanical  efficiency 
is  taken  as  the  ratio  between  the  brake  horse  power  and  the  indicated 
horse  power.  For  the  earlier  four-cycle  gas  engines  this  practice 
had  been  followed  without  comment.  When,  however,  th*^*  two- 
cycle  gas  engine  came  into  use,  the  charge  of  air  and  gas  was  partially 
compressed  in  a  separate  cylinder,  and  the  question  arose  as  to 
whether  the  work  absorbed  by  this  compiession  cylinder  should  be 
deducted  from  the  indicated  power  of  the  engine,  or  whether  it  should 
be  left  as  a  separate  matter.  Professor  Riedler  cited  a  report  made 
by  Professor  Meyer,  of  Berlin,  upon  a  500-h.p.  Oechelhausrjr 
engine,  in  which  the  pumy>  horse  power  had  been  subtracted  from 
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the  indicated  horse  power  before  the  computation  of  the  mechanical 
efficiency. 

5  That  this  question  possessed  more  than  an  academic  signifi- 
cance appears  in  the  fact  that  had  the  resistance  of  the  compression 
pumps  not  been  deducted  from  the  indicated  power  before  the  com- 
putation of  the  mechanical  efficiency,  the  latter  would  have  been 
nearly  8  per  cent  lower  than  appeared  in  the  report  of  Professor  Meyer. 

6  The  discussion  upon  the  paper  of  Professor  Riedler  led  to  the 
appointment  of  a  special  committee,  consisting  of  Messrs.  Sch6ttler, 
Stodola  and  Schroter,  to  determine  the  correct  procedure  in  such  cases. 
This  committee  reported  in  favor  of  the  procedure  of  Professor  Meyer, 
while  at  the  same  time  rather  evading  the  question  as  to  the  scientific 
basis  for  his  method. 

7  Professor  Riedler  returned  to  the  charge,  and  maintained  that 
the  indicated  power  is  the  actual  power  developed  in  the  cylinder 
and  that  the  work  absorbed  by  the  pumps  constitutes  a  part  of  the 
resistance  of  the  engine. 

8  Professor  Stodola,  whose  views  are  certainly  entitled  to  full 
consideration,  maintained  that  Professor  Meyer's  practice  conformed 
to  that  obtaining  with  the  steam  engine,  at  least  so  far  as  the  high- 
pressure  engine  is  concerned.  With  the  condensing  steam  engine 
there  is  a  difference  in  practice:  if  the  air  pump  is  driven  by  the  engine 
its  resistance  is  not  deducted  from  the  indicated  cylinder  power;  if 
the  air  pump  is  independently  driven,  its  resistance  is  subtracted. 
In  general,  Professor  Stodola  was  inclined  to  believe  that,  for  two- 
cycle  gas  engines,  the  pump  resistance  should  be  deducted;  the 
mechanical  resistance  of  the  engine  being  assumed  to  include 
only  f rictional  resist^inces,  so  far  as  the  computation  of  the  mechan- 
ical efficiency  is  concerned. 

9  Mr.  Diesel  suggested  the  subdivision  of  the  various  quantities, 
thus:  indicated  power  »  the  full  power  represented  by  the  indicator 
diagram  of  the  working  cylinder;  useful  power  =  the  power  delivered 
at  the  engine  shaft;  effective  power  —the  sum  of  the  useful  power  and 
the  pump  resistance;  mechanical  efficiency  =useful  power  divided  by 
indicated  power  (thus  supporting  Professor  Meyer);  dynamic  effi- 
ciency =  effective  power  divided  by  indicated  power;  pump  factor  — 
pump  resistance  divided  by  the  indicated  power. 

10  The  whole  subject  resolved  itself  into  a  matter  of  definition, 
as  to  whether  the  compression  pumps  formed  an  integral  part  of  the 
engine  or  whether  they  should  legitimately  be  considered  as  auxili 
aries. 


Digitized  by  VjOOQIC 


HORSE   POWER   AND   EFFICIENCIES   OF    GAS    ENGINES  435 

11  For  a  full  report  of  the  matter  reference  should  be  made  to 
the  Zeitschrift  des  Vereins  deutscher  Ingenieure  ior  1905,  as  follows: 

a  Original  paper  of  Professor  Riedler;  Report  of  Professor 
Meyer  to  Messrs.  A.  Borsig  upon  a  500-h.p.  Oechelhauser 
gas  engine;  Report  of  Messrs.  Schottler,  SchrSter,  and 
Stodola; 

b  Reply  of  Professor  Riedler;  all  in  the  issue  of  February 
25,  1905; 

c  General  symposium  upon  the  mechanical  efficiency  and 
indicated  power  of  the  gas  engine,  including  contribu- 
tions from  Messrs.  Stodola,  Riedler,  Schottler,  Meyer, 
Ehrhardt  and  Wagner;  issue  of  April  1,  1905; 

d  Communication  from  Mr.  Rudolph  Diesel  upon  the  mechan- 
ical efficiency  and  indicated  power  of  the  gas  engine;  issue 
of  May  20,  1905; 

e  Communication  from  Prof.  Hugo  Guldner;  issue  of  June  24, 
1905. 

The  Author  The  brief  abstract  of  the  German  discussion  on  the 
mechanical  efficiency  of  gas  engines,  supplied  by  Mr.  Suplee,  shows 
the  confusion  which  exists  at  present  in  the  statement  of  the  power 
measurements  and  efficiencies  of  these  motors.  The  vote  at  the 
Detroit  meeting  for  the  appointment  of  a  committee  to  formulate 
a  code  of  rules  for  testing  gas  engines  gives  the  Society  the  oppor- 
tunity to  prevent  that  confusion  in  American  practice.  The  sugges- 
tions which  I  have  made,  if  accepted,  would  establish  a  practice 
different  from  the  current  practices  of  both  Germany  and  England. 
It  would  make  the  statements  of  gas  engine  performances  perfectly 
definite,  practically  and  scientifically  useful,  and  immediately  avail- 
able for  comparison  with  other  engines. 
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A  SIMPLE  METHOD  OF  CLEANING  GAS 
CONDUITS 

By  W.  D.  Mount,  Sai.tvillb,  Va. 
Member  of  the  Society 

Three  years  ago  the  writer  had  occasion  to  ask  for  proposals  on 
a  battery  of  gas  producers,  including  the  design  of  the  distributing 
conduit  and  branches,  though  the  latter  were  to  be  built  under  sepa- 
rate contract,  and  by  parties  other  than  the  contractors  for  the 
producers. 

2  As  the  producers  were  to  supply  gas  to  furnaces  in  continuous 
operation  over  long  periods,  which,  for  efficient  working,  required 
very  uniform  conditions  of  heating,  the  question  of  an  uninterrupted 
flow  of  gas  of  uniform  quality  became  of  exceptional  importance.  We 
found  that  all  of  the  builders  of  producers  whom  we  asked  to  sub- 
mit specifications  and  quotations  could,  in  a  gi3neral  way,  meet  the 
conditions  of  uninterrupted  service;  that  is,  it  would  be  necessary 
to  shut  the  gas  off  a  few  hours  once  each  week,  and  clean  the  accumu- 
lated soot  out  of  the  conduits. 

3  Our  idea  of  continuous  service  was  somewhat  different.  It  did 
not  mean  shutting  down  once  a  week,  or  once  each  month,  but  meant 
a  condition  of  operation  absolutely  without  interruption  for  an  indefi- 
nite period,  and  we  finally  made  this  a  condition  of  our  acceptance  of 
the  contract. 

4  The  installation  was  to  be  in  a  department  already  in  operation 
for  several  years,  and  where  the  use  of  gas  was  not  originally  contem- 
plated; therefore,  the  distributing  conduits  had  to  be  designed  to 
meet  existing  conditions  of  space  and  apparatus  in  a  department 
already  much  overcrowded,  so  much  so  in  fact  that  a  duplicate  system 
of  conduits,  one  to  be  in  use  while  the  other  was  being  cleaned,  designs 
for  which  were  submitted  by  one  builder  as  the  only  possible  solution 
of  the  condition  of  uninterrupted  service,  was  entirely  out  of  the 
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question,  to  say  nothing  of  the  greatly  increased  cost  of  installa- 
tion. 

5  In  placing  the  contract  our  decision  was  not  based  altogether 
on  the  merits  of  the  different  producers  offered,  but  largely  on  the 
method  or  system  of  cleaning,  and  a  design  of  distributing  conduits 
which  seemed  to  provide  the  greatest  facilities  for  meeting  the  imposed 
condition  of  uninterrupted  service. 

6  After  carefully  canvassing  the  designs  submitted,  a  contract  was 
placed  with  the  Morgan  Construction  Company,  of  Worcester,  Mass., 
through  their  engineer,  Mr.  E.  A.  W.  Jeflferies,  a  member  of  the  Society 
who,  to  quote  from  one  of  his  letters,  was  "confident  a  method  of 
cleaning  the  conduits,  which,  because  of  conditions  imposed,  was  the 
most  important  function  to  be  provided  for  adequately,  could  be 
worked  out,  but  it  required  special  study,  and  involved  some  features 
not  heretofore  fully  developed."  I  may  say  at  this  point  that  the 
congested  condition  of  the  department  in  which  the  producer  plant 
was  to  be  installed,  as  well  as  the  location  of  existing  apparatus,  pre- 
cluded the  possibility  of  using  underground  conduits,  and  made  it 
necessary  that  an  overhead  system  be  adopted,  and,  as  already 
stated,  the  lack  of  room  prevented  the  system  from  being  in  duplicate. 

7  The  plan  of  action  arranged,  as  outlined  by  Mr.  Jeflferies, 
consisted  in  providing  facilities  in  the  way  of  openings  in  the  conduit 
for  blowing  depositions  of  soot  through  into  the  stack,  by  means  of 
steam  jets,  connections  to  the  base  of  the  stack  being  made  from 
each  distributing  conduit. 

8  The  above  outlined  operation  was  not  to  occupy  more  than 
fifteen  minutes,  during  which  time  the  gas  was  to  be  shut  oflf,  but  the 
heat  in  the  furnace  was  not  to  be  seriously  impaired.  The  condition 
of  uninterrupted  service,  it  is  to  be  noted,  was  not  fully  met,  and  the 
writer  was  confident  at  the  time,  and  subsequent  developments  proved 
his  prediction  to  be  correct,  that  when  the  gas  was  shut  oflf,  even 
for  as  short  a  time  as  15  minutes,  it  meant  shutting  oflf  the  product 
from  the  furnaces,  or  in  other  words,  it  meant  an  absolute  shutdown 
of  the  department  during  the  operation  of  cleaning. 

9  The  producers  and  distributing  conduits,  however,  were  installed 
as  designed,  and  the  proposed  method  of  cleaning  put  into  eflfect, 
with  the  exception  that  compressed  air  was  used  in  place  of  steam. 
Measured  by  experience  gained,  the  method  was  a  success,  but  as 
a  means  of  keeping  the  gas  conduits  clean,  it  was  a  failure. 

10  It  did  not  take  long,  however,  to  determine  that  the  idea  was 
all  right,  and  that  our  lack  of  success  was  due  to  the  fact  that  the 
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facilities  provided  in  the  design  for  appl)dng  the  air  or  steam  were 
inadequate,  as  well  as  improperly  located. 

1 1  The  experience  gained  in  the  early  days  led  finally  to  the  devel- 
opment of  the  system  to  its  present  form,  which  is  fully  detailed  in  the 
accompanying  sketches,  Fig.  1  and  Fig.  3,  and  which,  I  am  glad  to 
report,  has  been  so  successful  that  for  the  past  18  months  we  have 


is  ploff  to  replace  hdSl 
when  cleaner  ia  not  in.  tiMb 


Fig.  1      Cleaning  Hole  Casting 

never  for  a  moment  had  the  gas  shut  off  from  our  distributing  con- 
duits for  the  purpose,  of  cleaning  out  the  depositions  of  soot. 

12  The  method  and  apparatus,  as  will  be  noted  from  the  drawings, 
are  extremely  simple.  We  have  so  much  confidence  in  compressed 
air  that  we  are  almost  inclined  to  believe  that  it  is  essential  t(»  the 
successful  operation  of  the  method.    The  air  should  be  thoroughly 
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dry  and  at  not  less  than  80  pounds  pressure.  We  find  in  practice 
that  the  connections  from  the  conduit  to  the  base  of  the  stack  are, 
for  cleaning  purposes  at  least,  entirely  unnecessary.  The  only  time 
they  are  used  is  in  making  repairs  on  the  conduits  when  they  are 
opened  for  the  purpose  of  drafting  out  the  gas.  We  also  find  that 
about  75  per  cent  of  the  soot  is  deposited  in  the  drop  legs  immediately 
behind  the  producers,  the  balance  being  dislodged  by  means  of  the 
air  jet  from  the  brick  lining  and  carried  along  with  the  current  of 
gas  to  the  furnaces,  where  it  is  almost  wholly  consumed. 


Fig.  2    Detail  of  Fig.  3;  Ball  .Joint  for  Air  Pipe 

In  Fig.  3  il  il  are  openings  in  specially  designed  castings  shown 
in  detail  in  Fig.  2,  spaced  along  the  top  of  the  conduit  and  of  the 
same  depth  as  the  brick  lining.  .  C  is  a  cast  iron  ball  of  a  diameter 
sufficient  to  close  the  opening  in  ii  and  free  to  slide  on  the  one-half 
iacb  bent  pipe  B,  Fig.  3,  which  is  connected  by  hose  to  the  air  main; 
a  one  inch  pipe  serving  also  as  one  of  the  hand  rails  along  the  top  of 
the  tiouduit. 
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14  The  openings  A  A  are  spaced  at  a  distance  nearly  equal  to  the 
diameter  of  the  conduit  (although  this  spacing  is  not  necessarily 
fixed),  which  we  have  found  by  experience  to  be  about  right  for  effec- 
tive work;  in  any  event  they  should  not  be  at  a  distance  exceed- 
ing six  feet. 

15  The  bent  pipe  B  should  be,  long  enough  to  reach  all  p^ts  of 
the  conduit  from  A  to  A,  The  pipe,  however  for  convenience  in 
handling  cannot  be  over  eight  feet  and  its  length,  therefore,  in  a 
measure,  fixes  the  distance  from  A  to  A,  Permanently  attached  to 
the  end  of  the  pipe  is'a  short][length  of  air  hose,  having  attached  at 
the  other  end  the  male  portion  of  a  standard  one-hah  inch  Joy  coup- 
ling.    Located  along  the  hand  rail  air  pipe,  at  distances  from  two  to 


Fig.  3    Main  Conduit 

three  times  the  distance  between  A  A,  are  located  cocks  and  the 
female  portion  of  the  Joy  coupling.  Attaching  the  hose  to  the  air 
main,  therefore,  is  a  very  simple  matter  and  consumes  a  minimum  of 
time. 

16  In  cleaning  we  begin  at  the  producers  and  work  toward  the 
furnaces.  To  the  casual  observer  it  would  seem  that  the  operator 
did  nothing  more  than  stick  the  bent  pipe  through  the  opening  A  and 
turn  on  the  air.  This,  however,  is,  of  course,  the  most  insignificant 
part  of  the  operation.  It  is  necessary  that  the  pipe  be  given  a  circular 
motion,  which  will  bring  its  discharge  end  in  contact  with  all  parts  of 
the  brick  lining  from  one  opening  to  another.     A  careful,  conscien- 
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tious  workman  will,  in  a  little  time,  become  very  expert  in  the  opera- 
tion, and  when  the  work  is  properly  done  it  can  be  depended  upon 
to  remove  all  depositions  of  soot. 

17  In  conclusion,  it  is  only  necessary  to  say  that  the  gas  is  not 
shut  out  of  the  conduit  during  the  operation  of  cleaning,  nor  is  its  flow 
in  any  way  checked.  The  producers  do  not  seem  to  be  affected  in  the 
slightest  degree;  in  fact  cleaning  is  conducted  absolutely  without 
interruption  to  producers,  conduits  and  furnaces,  and  that  it  is 
efficient  is  evidenced  by  the  fact  that  when  our  conduits  have  been 
opened  for  repairs  we  have  always  found  them  clean  to  the  brick  limng» 
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THE  SURGE  TANK  IN  WATER  POWER  PLANTS 

A  DEVICE   FOR  AID  IN  SPEED  REGULATION  AND  PRESSURE 
•    RELIEF  IN  WATER  POWERS  WITH  LONG  PRESSURE 
PIPES  AND  HIGH  VELOCITIES 

By  Raymond  D.  Johnson,  Niagara  Falls,  N.  Y. 
Non-Member 

INTRODUCTION 

1  have  prepared  this  paper  at  the  request  of  Mr.  John  R.  Freeman 
and  as  an  outcome  of  certain  practical  problems  which  I  have  assisted 
him  to  treat  mathematically  and  which  arose  successively  in  planning 
three  large  hydro-electric  developments.  Therefore,  although  some 
may  regard  the  paper  as  overflowing  with  equations  and  calculus, 
I  trust  it  will  nevertheless  be  regarded  as  practical. 

2  "Surge  Tank"  is  a  term  applied  to  a  stand  pipe  or  storage 
reservoir  placed  at  the  down-stream  end  of  a  closed  aqueduct  to 
prevent  undue  rise  of  pressure  in  case  of  a  sudden  diminution  of 
draft,  and  to  furnish  water  quickly  when  the  gates  are  opened,  with- 
out having  to  wait  for  the  velocity  in. the  long  feeder  to  pick  up. 
When  such  a  device  terminates  a  pipe  used  to  feed  water  wheels,  the 
fchanges  of  load,  producing  corresponding  variations  in  gate  opening, 
cause  the  stored  water  to  rise  and  fall  in  wave-like  swells  or  ''surges;" 
hence  the  name.  It  has  long  been  recognized  by  hydraulic  men  that 
a  storage  pond  or  artificial  lake  at  the  end  of  an  aqueduct  serves  to 
remove  harmful  results  of  sudden  changes  in  draft  which  would 
otherwise  give  rise  to  undue  pressures,  known  variously  under  the 
names  of  "water-hammer/*  "breathing,"  "surging,"  etc.,  according 
to  the  nature  and  intensity  of  the  pressure  waves.  So  far  as  I  know 
however,  no  attempt  has  previously  been  made  to  proportion  such  a 
reservoir  economically  and  accurately.  This  I  have  tried  to  do. 
^3     I  have  also  gone  a  step  further  in  pointing  out  the  efficacy  of 
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the  differential  principle,  whereby  the  area  of  the  reservoir  is  lessened 
by  60  per  cent  and  the  regulation  is  markedly  better.  This  principle 
is  named  from  its  action  in  differentiating  the  ''pressure  water"  from 
the  "stored  water/'  which  are  identical  in  the  ordinary  tank.  That 
is,  the  level  in  the  tank  is  both  the  accelerating  level,  which  urges  the 
water  to  flow  faster  or  slower  in  the  conduit,  and  the  level  of  the 
"stored  water''  as  well.  It  is  6lear  that  the  velocity  in  the  conduit 
cannot  be  altered  unless  and  until  the  level  changes  in  the  tank,  and 
that  the  rapidity  of  such  velocity  change  is  proportional  to  the 
amount  of  such  level-change.  It  therefore  follows  that  the  capacity 
would  have  to  be  much  greater  than  it  would  if  the  accelerating  head 
could  instantly  be  applied  to  the  pipe,  without  having  to  wait  for  the 
water  level  to  be  drawn  down. 

4  This  desirable  result  can  be  had  by  drawing  the  water  from 
the  tank  through  constricted  openings  of  fixed  size,  properly  pro- 
poi*tioned.  A  forced  loss  of  head  is  thus  effected,  causing  a  sudden 
change  in  the  accelerating  level  to  a  value  which  h^'  ^  constant 
during  the  period  of  velocity  change  and  until  the  lb  a  in  the  tank 
becomes  coincident  with  the  level  represented  by  the  accelerating 
head,  which  coincidence  obtains  simultaneously  with  the  acquire- 
ment of  the  new  velocity  value  as  demanded. 

5  The  importance  of  a  proper  study  of  this  subject  was  from  time 
to  time  brought  forcibly  to  the  attention  of  Mr.  Freeman  when  inspect- 
ing certain  of  the  recent  large  water  power  plants  in  the  West  and 
in  Mexico,  where,  in  a  dry  country,  water  was  almost  continually 
wasted  in  order  to  regulate  the  speed  of  the  water  wheels,  under  their 
var3ring  loads.  In  certain  of  his  own  designs  he  departed  from  the 
ordinary  methods,  in  order  to  prevent  waste  of  water  and  all  needless 
waste  of  fall,  and  planned  to  use  the  water  at  high  velocity  through 
long  pressure  tunnels  under  the  full  mill-pond  pressure.  He  provided 
for  a  surge  shaft  and  surge  reservoir  close  to  the  power  house  for  the 
relief  of  the  pressure  due  to  arrest  of  motion  of  the  great  mass  in  the 
moving  water  column  or  for  a  momentary  supply  in  case  of  increased 
demands  while  the  elastic  wave  was  transmitting  the  demand  for 
more  water  back  to  the  conduit  entrance  and  overcoming  the  inertia 
of  the  water  column. 

6  It  was  easy  to  see  that  with  a  large  surg^  reservoir  near  the 
power  house  this  method  would  be  simple  ana  eiTertive;  but  a  large 
surge  reservoir  would  be  very  expensive,  and  it  appeared  somewhat 
difficult  to  tell  just  how  smaU  this  could  be  made  without  the 
sacrifice  of  quality  of  speed  control.     Also,  on  a  canyon-side  or  in 
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other  situations  where  natural  support  for  a  great  weight  at  the 
proper  elevation  is  lacking,  the  problem  of  minimum  size  of  the 
surge  tank  becomes  of  great  importance. 

7  It  may  be  stated  at  the  outset  that  it  is  seldom  or  never  neces- 
sary to  waste  any  water  in  speed  regulation,  and  it  is  usuaUy  very 
undesirable  to  do  so.  Governor-operated  by-pass  valves  and  deflect- 
ing nozzles  have  seldom  an  excuse  for  existence  except,  perhaps, 
in  instances  where  a  choking  of  the  turbine  feeder  would  cause 
the  water  to  overflow  the  sides  of  an  open  flume  and  waste  in  any 
event;  but  with  closed  pipes  feeding  the  wheels,  however  long,  there 
need  never  be  any  substantial  waste  of  water  for  regulation  or 
pressure  relief.  It  is,  moreover,  exceedingly  cheap  to  effect  this 
saving. 

8  It  is  always  more  convenient  if  there  is  high-lying  ground  near 
the  power  house  on  which  to  locate  the  surge  tank  so  that  it  may  be 
operated  under  atmospheric  pressure;  but  usually  the  dimensions  of 
the  tank  are  so  small  that  it  is  feasible  to  locate  it  at  any  convenient 
lower  level,  even  directly  adjacent  to  the  power  house  if  necessary, 
by  simply  increasing  the  air  pressure  by  closing  in  the  top  of  the 
chamber  and  connecting  it  to  a  compressed  air  tank  of  adequate 
though  comparatively  small  dimensions. 

9  Where  there  is  high  l3ring  ground  somewhat  remote  from  the 
power  house,  an  atmospheric  regulator  may  there  be  installed,  and 
then,  if  the  length  of  closed  pipe  between  this  point  and  the  power 
house  is  too  great  to  permit  good  regulation,  a  small  secondary  auxil- 
iary compressed-air  regulator  may  be  placed  adjacent  to  the  power 
house.  These  two  will  work  together  perfectly,  each  attending  to 
its  own  length  of  conduit. 

10  I  will  not  describe  at  this  juncture  the  several  possible  forms 
and  details  of  surge  tank  regulators,  but,  in  order  to  make  clear  the 
conclusions  which  I  have  reached,  will  simply  express  forcibly 
my  belief  that  any  form  of  turbine-governing  device  which  uses 
as  its  chief  means  of  speed  control  the  waste  of  valuable  water,  is,  in 
general,  a  bad  design  and .  so  far  as  I  can  at  present  see,  ordinarily 
unwarranted  and  unnecessary. 

CONCERNING  CERTAIN  POPULAR  MISCONCEPTIONS 

11  If  excuse  is  needed  for  presenting  this  paper,  it  can  be  found  in 
the  published  statements  of  certain  experienced  hydraulic  engineers, 
and  in  the  design  of  certain  otherwise  admirable  plants. 

12  For  example,  the  writer  has  recently  noticed,  in  Mr.  H.  E. 
Warren's  very  able  article  written  for  the  Lombard  Governor  Co. 
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only  a  year  ago,  a  statement  in  reference  to  the  effect  of  long  pressure 
conduits  upon  regulation,  that  '*The  only  complete  remedy  for  the 
troubles  in  speed  regulation  caused  by  excessive  inertia  of  a  water 
column  is  some  form  of  by-pass  valve  directly  connected  with  the 
water-wheel  gates,  arranged  to  open  as  the  gates  close,  and  thus  keep 
the  velocity  of  the  column  nearly  constant."  When  such  a  state- 
ment is  published  by  people  who  make  water-wheel  regulation  a  busi- 
ness and  have  a  reputation  for  success,  it  is  well  to  demonstrate  the 
possibilities  of  an  opposite  course. 

13  The  remedy  of  a  by-pass  as  suggested  is  wasteful  of  valuable 
water  which  would  otherwise  be  storing  up  in  the  pond.  It  will  be 
shown  that  speed  regulation  is  possible  without  a  by-pass  and  its 
waste.  The  article  cited  further  states  that  "  Although  it  is  possible 
to  prevent  excessive  rise  of  pressure  due  to  reduction  in  velocity  of 
long  water  columns,  no  means  have  been  devised  to  produce  quick 
acceleration  of  the  water  when,  because  of  a  sudden  increase  in  load, 
the  speed  of  the  turbine  begins  to  fall."  The  writer  believes  it  can 
be  demonstrated  that  this  statement  is  not  altogether  correct,  and 
will  describe  a  form  of  differential  regulator  such  as  to  provide  accele- 
ration "quick"  enough  so  that  by  the  time  the  automatically  stored 
water  is  used  up,  the  velocity  in  the  long  pipe  will  have  acquired  its 
new  demanded  value.  This  paper  is  intended  to  elucidate  the  mathe- 
matical theory  of  such  action.  Since  the  theory  of  this  device  was 
worked  out  some  six  years  ago,  the  writer  perhaps  ought  to  apolo- 
gize for  not  presenting  it  sooner  to  his  fellow  designers  for  their  criti- 
cism and  suggestions. 

14  The  problems  of  water  turbine  governing*  will  not  be  treated 
in  this  paper,  as  will  later  become  apparent,  but  the  argument  will 
be  confined  to  showing  how  simple  it  is  to  regulate  automatically  the 
acceleration  and  retardation  in  a  long  column  of  water  so  that  the 
difficulties  in  turbine  governing  largely  disappear. 

15  It  is  never  required  of  a  large  plant  to  furnish  a  sudden  incre- 
ment from  zero  to  fuU  load,  or  anything  like  it,  although  with  a  proper 
surge  tank  this  could  be  easily  done  with  no  more  than  10  per  cent 
variation  in  head  in  a  5000-foot  feeder  at  8  ft.  velocity,  if  desired, 
instead  of  a  variation  of  some  160  per  cent  stated  as  unavoidable  in 
the  paper  cited.  As  a  matter  of  fact,  all  that  would  be  necessary, 
if  the  topography  of  the  country  was  such  that  an  elevation  equal  to 
that  of  the  pond  water  could  be  had  within  a  reasonable  distance  of 

*  Thorough  and  presumably  correct  methods  for  working  out  such  problems 
have  l)e(*n  developed  by  the  writer,  but  they  are  of  minor  importance  when  the 
water  column  is  properly  regulated. 
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the  power  house,  would  be  to  install  a  small  tank,  of  less  than  three 
times  the  diameter  of  the  feeder  pipe.  For  example,  in  the  case  cited 
in  the  paper  referred  to,  the  pipe  was  5  ft.  in  diameter,  in  which  case 
the  regulating  surge  tank  need  be  no  more  than  15  ft.  in  diameter, 
and  the  cost  of  this  is  obviously  a  small  matter  if  it  is  successful  in 
reducing  changes  in  head  from  an  imaginary  160  per  cent  down  to 
10  per  cent  of  the  assumed  head  of  400  ft.  Obviously  160  per  cent 
of  the  head  cannot  be  attained  in  acceleration. 

FUNCTION    OF    A    STANDPIPE 

16  Where  the  topography  of  the  country  is  not  such  that  a  high 
elevation  can  be  had  near  the  power  house,  compressed  air  must  be 
resorted  to  as  will  be  later  pointed  out. 

17  Let  us  briefly  review  just  what  the  function  of  a  stand  pipe 
is,  and  how  it  operates  to  supply  water  to  the  wheels  while  the  long 
conduit  is  changing  its  velocity  from  a  lower  to  a  higher  value  as 
demanded  by  a  change  in  load  at  the  power  house. 

18  To  be  most  effective,  the  standpipe  or  surge  pipe  should  be 
located  as  near  the  power  house  as  possible.  It  is  usually  placed  at 
the  end  of  the  conduit  or  main  feeder,  and  is  sometimes  formed  by 
simply  turning  up  the  end  of  the  conduit,  into  a  vertical  or  inclined 
position,  and  extending  it  up  to  a  level  somewhat  above  that  of  high 
water  in  the  f orebay  or  storage  pond. 

19  The  penstocks  or  individual  water  wheel  feeders  are  led  out 
of  the  main  feeder  at  points  as  near  as  possible  to  this  standpipe. 
Where  steel  penstocks  or  wood  stave  pipe  bound  with  iron  hoops  are 
used,  plants  are  laid  out,  where  possible,  so  that  the  greater  part  of 
the  total  drop  occurs  between  the  end  of  the  main  conduit  and  the 
power  house,  thus  keeping  the  pressures  in  the  main  conduit  as  small 
as  possible  and  permitting  the  emergency  gates  at  the  heads  of  the 
individual  turbine  feeders  to  work  under  moderate  pressure.  Care 
is  also  taken  to  have  these  separate  turbine  feeders  as  short  as  practi- 
cable. 

20  Now,  with  this  arrangement,  when  the  water  wheels  are  run- 
ning under  a  constant  load,  it  is  clear  that  the  water  level  in  the  stand- 
pipe  will  be  stationary  at  an  elevation  below  pond  level  equal  to  the 
friction  head  in  the  conduit,  and  this  level  will  represent  the  eflfec- 
tive  head  on  the  wheels,  if  the  friction  losses  in  the  turbine  feeders  be 
for  the  moment  disregarded. 

21  Let  us  study  in  a  casual  way  the  cycle  of  phenomena  following 
a  sudden  demand  for  more  water  by  the  wheels: 
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(a)  We  have  aasumed  a  conduit  so  long  that  acceleration  in 

it  is  far  too  slow  to  m%et  the  sudden  demand  for  more 
water  within  any  reasonable  time,  and  therefore,  the  addi- 
tional water  required  nearly  all  flows  momentarily  from 
the  standpipe,  thus  depressing  its  level. 

(b)  This  depressed  level  being  below  the  end  of  the  hydraulic 

gradient  due  to  the  existing  velocity,  a  lessened  pressure 
is  transmitted  back  to  the  pond  with  the  velocity  of  an 
elastic  wave  or  the  speed  at  which  sound  would  travel 
in  water,  about  4500  ft.  per  second.  This  quickly  pro- 
duces an  accelerating  head  which  begins  to  increase  the 
velocity  of  the  water  in  the  conduit. 

(c)  The  water  level  in  the  standpipe  continues  to  drop  and  the 

velocity  in  the  conduit  to  increase  until  such  increased 
velocity  value  becomes  equal  to  the  new  demand  for  power. 
The  larger  the  standpipe  area,  the  less  the  level  will  have 
become  depressed  before  this  condition  is  reached,  and 
therefore  the  less  the  variation  in  head  that  will  be  felt 
at  the  water  wheels. 

(d)  The  standpipe  level,   meanwhile,   will   have   been   drawn 

much  below  the  elevation  of  the  end  of  the  exiisting  veloc- 
ity gradient,  so  that  a  greater  acceleration  than  necessary 
in  the  conduit  will  be  caused  and  must  continue.  The 
level  in  the  standpipe  therefore  soon  begins  to  rise  and 
more  water  soon  begins  to  be  supplied  than  is  being  used 
by  the  turbines  even  under  the  increased  load. 

(«)  The  conduit  velocity  continues  to  increase  until  the  water 
level  in  the  standpipe  has  risen  to  an  elevation  identical 
with  that  of  the  end  of  the  velocity  gradient  existing  at 
that  time,  after  which  it  begins  to  be  retarded  as  the 
standpipe  level  continues  to  rise. 

(/)  The  maximum  elevation  is  reached  when  the  surplus  energy 
created  in  the  conduit  by  the  first  depression  of  level  is 
partiiilly  reconverted  into  potential  energy  represented  by 
thiri  temporary  maximum  elevation  of  water  in  the  stand- 
pipe.  Meantime,  retardation  of  the  conduit  velocity  con- 
tin.es,  until 

(g)  The  lilevation  of  the  water  again  becomes  coincident  with 
the  end  of  the  velocity  gradient. 
Neglecting  for  the  moment  the  complications  induced  by  the  efforts 
of  the  turbine  governor,  this  completes  a  description  of  one  complete 
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cycle  of  the  pressure  wave,  which  goes  on  repeating  itself  indefinitely 
until  smothered  by  the  action  of  friction. 

RESULT  OF  THE  TURBINE   GOVERNOR'S   EFFORTS 

22  Before  going  further  we  may  take  time  to  consider  briefly  in  a 
general  way  the  possible  dangers  of  a  standpipe  of  ordinary  form  and 
moderate  size. 

23  Where  such  a  device  terminates  a  long  closed  flume,  it  is 
clear  that  any  demand  for  additional  load  in  the  power  house  will 
have  to  be  fed  primarily,  and  almost  wholly,  from  the  water  contained 
in  the  standpipe.  This  creates  a  depression  in  the  water  level  which 
in  turn  begins  to  accelerate  the  main  column  of  water  in  the  feeder. 
Now  if  there  were  no  friction  affecting  this  column  there  would  be  not 
only  an  ultimate  recovery  of  the  water  level  (which  would  be  the 
equivalent  of  a  pendulum  returning  to  a  vertical  position),  but  there 
would  be  a  subsequent  surge  of  the  water  to  a  level  as  much  above 
the  original  level  as  the  depression  was  below  it.  If  this  surging 
were  plotted  with  time  it  would  give  a  perfect  sine  wave,  which  with- 
out friction  loss,  would  never  cease  when  once  started  by  an  incre- 
ment of  load.  The  effect  of  friction  is  to  increase  the  throw  of  the 
first  depression  but  to  decrease  in  greater  proportion  the  subsequent 
surge  in  such  a  way  as  to  produce  a  damped  harmonic  which  of  course 
soon  dies  out,  if  the  standpipe  is  large. 

24  With  a  long  conduit,  a  mile  or  more  in  length,  these  oscilla- 
tions are  comparatively  slow,  occupjring  sometimes  more  than  one 
or  two  minutes  for  a  complete  oscillation,  so  that  any  ordinary  water 
wheel  governor  has  no  difficulty  in  keeping  step  with  the  wave, 
gradually  closing  the  gates  as  the  head  increases,  and  opening  them, 
conversely,  in  an  effort  to  keep  the  product  of  velocity,  or  cubic  feet 
per  second,  and  head  nearly  a  constant  quantity.  This  essential 
and  unavoidable  action  of  the  governor  may  lead  to  astonishing 
results,  on  account  of  which  the  ordinary  standpipe  might  prove 
almost  worse  than  useless. 

25  Returning  to  our  first  harmonic  curve  where  friction  was 
neglected,  let  us  consider  for  a  minute  the  effect  of  this  governor  action 
upon  such  a  wave.  It  must  be  obvious  that  the  further  opening  of 
the  gates  as  the  depression  in  level  takes  place  will  have  the  effect  of 
increasing  the  amount  of  such  depression.  Now,  without  any 
closing  of  the  gates,  the  surge  will  raise  the  level  an  equal  distance 
above  normal;  but  when  we  consider  that  the  gates  must  close  as  the 
pressure  rises,  it  is  clear  that  the  wave  will  rise  a  greater  amount  than 
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it  fell,  and  so  ^o  on  in  an  ever-stveUing  harmonic,  ceasing  to  increase 
only  when  it  reaches  the  top  of  the  surge  pipe  and  spills  over.  Then, 
after  continuing  to  spill  for  some  time,  it  will  return  in  another  dip 
only  to  rise  again  sLnd  spill  some  more,  thus  continuing  to  spill  over 
at  regularly  recurring  intervals  so  long  as  the  load  holds  steady. 

26  Thus  far  we  have  been  neglecting  friction  in  this  last  argu- 
ment. A  little  thought  at  this  juncture  will  lead  one  to  a  natural 
conclusion  that  if  the  swelling  effect,  due  to  the  governor  action, 
exceeds  the  damping  effect,  due  to  the  action  of  friction,  the  harmonic 
wiU  swell  in  spite  of  the  friction  and  this  is  precisely  what  will  take 
place  if  the  standpipe  area  is  below  a  certain  critical  amount  which  is 
mostly  a  function  of  the  length  of  the  conduit. 

27  This  imstable  condition  would  make  operation  practically 
impossible,  and  it  is  an  extremely  easy  thing  to  bring  about  such  a 
condition  simply  by  being  a  little  careless  in  the  choice  of  a  regulating 
device.  Furthermore,  it  does  not  necessarily  follow  that  the  standpipe 
area  is  sufficient  simply  because  it  is  larger  than  this  critical  size. 
This  is  more  likely  to  be  true  for  high  heads  than  for  low  heads,  but 
often  the  variation  in  head  due  to  throwing  on  or  oflf  part  load  may 
be  too  great  a  proportion  of  the  normal  head,  even  though  an  increas- 
ing wave  cannot  exist. 

28  To  sum  up,  therefore,  it  is  extremely  dangerous  to  design  a 
stand  pipe  of  moderate  size  without  going  thoroughly  into  all  the 
conditions  which  it  aflfects,  unless  the  load  is  to  be  particularly  steady 
and  the  main  feeder  pipe  rather  short.  Where  the  feeder  is  more  than  a 
mile  long  the  problem  becomes  tremendously  important,  and  is  worth 
careful  study. 

29  As  we  develop  the  formulse  for  working  out  these  problems, 
it  will  become  apparent,  as  indeed  common  sense  would  indicate, 
that  all  the  desired  conditions  may  be  fulfilled  by  simply  making  the 
standpipe  of  sufficient  area,  so  the  whole  matter  resolves  itself  into 
a  question  of  area  and  depth. 

30  It  will  later  be  shown  what  a  great  advantage  can  be  gained 
over  the  simple  standpipe  or  storage  tank  by  differenticUing  the  pres- 
sure water  from  the  stored  water.  In  practice,  this  may  be  easily 
accomplished  by  using  a  comparatively  smaU  standpipe  or  surge 
shaft  which  is  contained  within  a  larger  tank,  and  communicating 
with  it  only  by  means  of  fixed  ports  or  holes  in  the  smaller  pipe 
near  the  bottom  of  the  larger  one. 

31  The  small  pipe  may  be  at  one  side  instead  of  within  the  tank 
and  may  communicate  with  it  through  a  restricted  by-pass  of  fixed  size. 
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32  The  action  of  such  an  arrangement  is  like  that  of  a  dash  poi> 
and  if  properly  proportioned  it  effectually  damps  any  vibrations  which 
would  swell  to  undue  proportions  in  an  ordinary  tank  of  twice  the 
area,  so  that  the  cost  of  this  style  of  combination  regulator  will  usually 
be  found  not  much  more  than  one-half  that  of  an  ordinary  simple 
storage  tank  of  sufficient  size  to  accomplish  the  same  final  result. 
Further,  the  regulation  is  much  better,  for  there  is  little  or  no  chance 
that  bad  conditions  may  result  from  throwing  on  loads  at  critical 
times  so  as  to  superimpose  one  wave  upon  another,  as  is  quite  possible 
with  the  simple  tank. 

THE   MATHEMATICAL  ANALYSIS  OP  THE   PROBLEM 

33  The  best  way  to  approach  these  problems  is  through  equations 
of  work  and  energy,  and  it  may  be  as  well  to  start  out  by  laying 
down  a  perfectly  general  principle  which  will  later  become  evident. 

34  The  work  done  within  either  the  standpipe  or  differential 
regulator,  in  raising  or  lowering  the  water,  is  precisely  equal  to  the 
work  of  lifting  the  weight  of  the  water  in  the  conduit  through  a  dis- 
tance equal  to  the  head  due  to  the  velocity  lost  or  gained  in  the  con- 
duit, which  change  in  velocity  is  in  turn  due  to  a  change  in  load. 
In  what  follows  let 

Fi  =  initial  steady  velocity  in  the  conduit  before  the  increment 
of  load  is  demanded  (assumed  constant  in  retardation  also) . 

7j  =  new  velocity  due  to  load  increment.  This  is  assumed 
constant  for  convenience  in  calculation,  and  must  be 
evaluated  according  to  judgment.     (See  Par.  55.) 

V,  —  7i  =  an  ultimate  change  in  velocity  due  to  load  change 
upon  the  assumption  of  constant  draft  velocity  V,  or  V^, 

y  =  change  in  water  level  in  tank  during  surge. 

A  =  conduit  area. 

R  =  ratio  of  conduit  area  to  standpipe  area. 

/-  =  weight  of  water. 

L  =  effective  length  of  conduit. 

h  =  net  working  head  for  velocity  V\f  neglecting  penstock 
losses  between  surge  tank  and  water  wheels. 
36    The  work  done  within  the  standpipe,  neglecting  all  friction, 

would  be  i  t/i'  X  ^-  X  r-    The  equivalent  energy  destroyed  or  gained 
R 

(V  —  V  y 

in  the  conduit  would  be     -^— X  LA-jr,  where  F,  —  V^  is  the 

ultimate  change  in  velocity  due  to  the  load  change,  for  a  constant 
value  of  Vj  and  F^. 
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36  Equating  theae  we  have 

j^  -  ^  (7,  -  V,y  or  y  -  J  ^^  (7,  -  7,) 
g  y    g 

37  This  formula  neglects  both  friction  and  the  bellows  action  of 
the  wheel  gates  in  keeping  step  with  the  wave.  This  latter  considera- 
tion may  sometimes  be  neglected  if  the  regulator  is  otherwise  designed 
correctly.  (See  Par.  55.)  The  equation  given  is  not  the  equation 
of  the  wave  curve,  but  simply  an  expression  for  y  maximum.  We  will 
now  develop  the  differential  equation  of  this  curve,  still  for  the 
present  neglecting  friction,  and  also  work  out  the  period  or  time  of 
vibration  of  the  water  pendulum. 

38  The  work  done  upon  the  water  in  the  tank  when  part  load  is 

rejected  \Bydy  -  :  this  may  also  be  written  in  terms  of  the  velocity 

change  or  -^ —  {V  —  V^d  v,  whence  we  have 
9 

ydy^  (V-VOdv 
9 

Solving  for  y  we  have 

Similarly  for  accelerating,  when  part  load  is  demanded  we  have 

».  -  ^y  [(V,  -  v,y  -  (V,  -  vyy  [2] 

39  The  maximum  value  of  y  can  be  seen  to  be  the  same  in  both 
cases,  or  as  previously  demonstrated, 

y.  =^Y(^,-^.)  [2a] 
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40  To  find  the  expression  for  time  in  terms  of  velocity  we  have 

-  dv  ==  ydt 
9 

-    Cdv^   {'ydt 
9  Jvi  Jo 

or  substituting  for  the  value  of  y  from  [1] 

[T  r dv p 

y  gRJvA iv, -  7.)' -  (7. -  vy ]♦    J, 

from  which 

and  similarly  for  accelerating  by  substitution  from  (2) 

We  may  now  write  the  true  equation  of  the  wave  curve  by  elimination 
of  V  between  (1)  and  (3)  or  between  (2)  and  (4)  and  we  have,  in  either 
case  the  same  equation: 

This  is  the  relation  between  time  and  wave  elevation  and  hence  is 
the  equation  of  the  true  harmonic  curve.  This  expression  is  cap- 
able of  ingenious  simplification,  as  suggested  by  L.  F.  Harza,  as 
follows: 

sm  ^  t 

T 
where  Y  iay  ^jax  ^^^  o  ^s  the  time  corresponding  to  Y,    Fort/ maxi- 
mum we  have  simply, 

41  This  is  a  periodic  function,  and  denotes  the  successive  times 
when  the  wave  reaches  its  crest. 
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which  is  also  a  periodic  function  and  denotes  the  successive  times 
when  the  wave  passes  through  zero.  It  is  interesting  to  note  that 
where  R  =  1  the  formula  is  identical  with  that  for  a  simple  pendulum 
as  might  have  been  guessed.  That  is,  the  time  of  complete  vibra- 
tion of  this  water  pendulum  of  length  L  is 


4i 


'9 


where  the  stand  pipe  is  the  same  size  as  the  conduit.  This  time  is  pre- 
cisely the  same  as  for  a  pendulum  of  a  length  equal  to  that  of  the 
conduit,  and  is  independent  of  the  amplitude;  that  is,  the  amount 
of  load  thrown  on  or  oflf  cannot  materially  aflfect  the  period  of  surge. 

COMPUTATIONS  INVOLVING   FRICTION 

42  The  introduction  of  friction  into  these  computations  leads  to 
such  difficult  mathematics  that  it  is  almost  necessary  to  resort  to  an 
approximation.  This  may  be  done  in  many  ways  which  may  be 
devised  to  order.  I  will  set  forth  one  of  the  most  evident,  which 
leads  to  no  important  error  in  any  practical  case  and  has  the  advan- 
tage of  being  comparatively  simple. 

43  Proceeding  as  before,  the  work  done  within  the  standpipe  is 
no  longer 

2  !/»  X  ^  X  r 
when  we  take  friction  into  account,  but  is 

Z)dy 


where  Z  represents  the  change  in  hydraulic  gradient  and  is  equal  to 
C  (y\  -  y)  for  retarding  or  C  (T^  -  V^)  for  accelerating,  C  being 
the  friction  constant.  The  exponent  1.85  would  probably  be  closer 
than  2  and  may  just  as  easily  be  used  if  desired.  The  expression  is 
not  as  simple  as  before,  for  now  we  have 

r(!/-Z)rf?/=  —    C'  {V  ^V,)dv 

Jo  g    Jv 
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r^  LR    C^*  C^ 


or 


y''^[iy, -v,y -  (7 -  y.)'}  +  2 c Jjr - -p)  dy  [6] 

44  Now  V^  dy  in  the  last  term  is  extremely  difficult  to  integrate. 
But  we  know  something  about  the  value  of  C  {V^  —  V^)  in  terms  of  y; 
not  much  to  be  sure,  but  this  at  least,  that  y  —  C  (7|  —  7*),  which 
is  the  accelerating  head,  is  positive  in  the  first  cycle  up  to  the  time  V 
reaches  its  maximum  value,  when  the  expression  changes  sign  and 
remains  negative  for  half  a  cycle,  etc.  We  know,  also,  that  y  reaches 
its  maximum  some  time  before  V  reaches  its  maximum,  and  therefore 
that  V  reaches  its  maximum  for  a  value  of  t/ between  its  maximum  and 
0.  Also,  the  maximum  of  the  accelerating  head  occurs  somewhat 
before  y  attains  its  maximum.  We  may,  therefore,  write  C  (7|  —  V^) 
=  Xy  where  X  is  less  than  unity,  up  to  the  time  V  reaches  its  maxi- 
mum, at  which  time  it  becomes  unity.  Now  if  we  put  X  =  1  and  V 
=  V^f  we  shall  obtain  the  value  of  y  maximum  within  a  small  amount. 

46  A  still  closer  approximation  may  be  made,  if  desired,  by  putting 
C{y\  —  V)  =  6 1/  •*,  where  h  aud  n  are  constants.  These  would  have 
to  be  evaluated  by  tedious  graphical  methods,  and  would  eventually 
be  found  to  modify  the  value  of  y  maximum  so  little  as  to  render  the 
labor  futile.     Putting  7  =  F^  and  X  =  1  in  equation  (6)  we  have 

j/»  max.  =  ^  (7,  -  7.)' +  C?' (7;  -  V.V  [7] 

which  holds  good  both  for  accelerating  and  retarding.  The  time  to 
reach  y  max.  will  be  a  little  longer  than  that  given  by  equations  4,  6, 
etc.,  but  may  be  obtained  with  considerable  accuracy  by  increasing 
the  time  in  the  same  proportion  that  y  increases  when  friction  is 
considered.     Dividing  equation  (7)  by  equation  (2a)  we  have 

1  +  C  (7,  +  7.)'^ 

and  multiplying  this  into  the  time  of  oscillation  we  have 
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This  may  be  written  more  conveniently 


From  this  we  see  that  t  is  still  more  or  less  independent  of  the  amount 
of  load  change,  but  is  decidedly  affected  by  the  actual  values  of  F, 
and  Vj.  Therefore,  we  shall  have  different  times  of  oscillation  for 
the  same  actual  velocity  changes  when  starting  out  from  different 
existing  velocities.  Practically,  however,  the  value  of  the  latter 
term  is  usually  so  small  that  the  time  of  oscillation  is  really  not  a 
great  deal  affected  by  the  friction,  almost  always  under  10  per  cent 
in  an  actual  case. 

46  This  expression  serves,  either  in  acceleration  or  retardation. 
The  times  in  the  two  cases  would  probably  be  slightly  different,  and 
may  be  more  nearly  approximated  in  the  following  formulae,  which 
are  derived  from  equations  (9)  and  (11)  and  are  in  terms  of  y  max.  as 
foimd  from  equation  (7) : 


•r :.^=^= =  ll»,-'     ,      ''• .tan-  ''■ 


'Si-'""--]     4c  li-":'      4r"--y- 


tan" 

'  C  ,/2  ~  '•  \C  ^2 

^       __  (Z,  -  V.)  (Z.  +  v^ 

where 


«a- 


'''^\CV 


V2 

If  reasonable  numerical  substitutions  are  made  it  will  be  found  that 
t,  i^  and  t^  will  be  about  the  same  in  the  three  equations  just  given, 
seldom  differing  by  as  much  as  6  per  cent.  The  last  two  are  based 
upon  the  fact  that  the  introduction  of  a  differential  action  due  to 
the  insertion  of  a  surge  pipe  within  a  reservoir  does  not  change  the 
time  of  vibration,  but  only  Affects  y,  making  it  less  in  the  proportion 
of  1  to  V  2,  about.  The  friction  itself  does  not  make  any  enormous 
increase  in  the  time,  so  that  values  found  above  will  rarely  exceed 
by  10  per  cent  those  obtained  from  equation  (5a). 
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THE   DIPPBRENTIAL  REGULATOR 

47  We  now  come  to  the  development  of  the  equations  relating 
to  the  differential  regulator.  In  one  respect  these  are  more  readily 
determinable  than  the  foregoing,  inasmuch  as  the  term  containing 
the  friction  is  easily  integrated,  but  in  order  to  get  at  the  subject  at 
all  a  preliminary  assumption  has  to  be  made  which  is  not  quite  true 
but  which  leads  to  insignificant  and  perfectly  negligible  errors. 

48  This  regulator,  as  previously  described,  consists  of  a  small 
standpipe  or  riser  communicating  with  a  reservoir  by  means  of  fixed 
ports  which  compel  a  difference  in  level  between  the  water  surfaces  in 
the  two  vessels  when  a  changer  of  load  occurs.  This  initial  separation 
of  the  two  levels,  due  to  the  constriction  at  the  ports,  is  so  sudden  as 
compared  with  the  change  of  level  in  the  large  reservoir  that  it  may 
be  regarded  as  having  existed  previous  to  the  load  change,  or  as 
coming  into  existence  simultaneously  with  the  change  of  load,  and 
having  a  value  equal  to  the  head  required  to  force  the  excess  or  defi- 
ciency of  water  through  the  ports  as  designed.  Furthermore,  the 
level  in  the  riser,  once  it  has  attained  this  value,  will  hold  it  through- 
out the  accelerating  or  retarding  period  of  the  main  conduit,  always 
provided  that  there  is  just  the  right  reservoir  area  so  that  by  the  time 
the  reservoir  level  catches  up  to  the  riser  level,  the  velocity  in  the 
conduit  will  have  attained  its  new  required  value.  Now,  therefore, 
if  we  are  going  to  wind  up  with  the  area  accurately  figured,  we  make 
no  appreciable  error  in  assuming  the  pressure  level  in  the  riser  to  be 
constant  during  the  time  the  conduit  velocity  is  picking  up,  and  the 
excess  water  required  by  the  wheels  is  being  drawn  through  the  ports 
from  the  reservoir. 

49  That  this  condition  of  things  actually  does  exist  the  writer  has 
proved  many  times  by  a  process  of  arithmetical  integration;  that  is, 
computing  the  various  curves  representing  changes  in  velocity, 
pressure  head  and  friction  head,  by  dividing  the  time  into  short  spaces, 
say  seconds,  for  these  long  swings,  and  laboriously  computing,  second 
by  second,  the  successive  values  of  acceleration,  velocity,  pressure 
level,  friction  head,  water-wheel  draught  as  the  head  varies,  etc., 
thus  integrating  arithmetically  all  the  various  curves  at  the  same 
time.  This  process  is  so  obvious  to  anyone  conversant  with  the 
ordinary  physical  laws,  simply  requiring  a  lot  of  patience,  that  it 
would  be  out  of  place  here  to  go  into  a  detailed  description  of  the 
method.  Let  it  sufi&ce  to  say  that  this  method  has  one  great  advantage 
over  calcuLus  manijnUation  in  that  it  makes  possible  the  consideration 
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of  many  mare  interdependent  variables  than  could  be  handled  by  any 
ordinary  man  with  his  limited  knowledge  of  calculus,  and  the  writer 
is  not  really  sure  that  the  man  lives  who  would  not,  if  relying  solely 
on  the  calculus^  sooner  or  later  have  great  difficulty  in  dealing  with 
these  multiplex  phenomena.  If  the  writer  had  not  repeatedly  proved 
his  equations  by  just  such  tedious  processes  he  would  not  now  have 
the  temerity  to  publish  them. 

50  Using  the  same  nomenclature  as  before,  and  putting  y  max.  — 
,Vi,  which  as  explained  we  are  going  to  regard  as  constant,  we  have 
for  retarding 

dt---^dv^[y,-0(Vl--n]  [8a] 

Jo         sjy,y^-c{v[-}n) 

which  is  readily  integrable  and  which  gives  an  expression  for  the  time 
it  takes  for  the  velocity  to  be  retarded  from  F,  to  V^.  Integrating 
we  have 


L 

t 

,     .,         V,                 .,        V, 

'      9  VCy,  -C*V\ 

/  y-  _  v         \yi    V' 

Now  if  we  mtiltiply  both  sides  of  equation  (8a]  by  iJ7  we  have 

4'"^ 

R  L  r^t           Vdv 

*"    9  Jv,yi-c(Vl-v-) 

[9] 


but 

is  evidently  the  height  which  the  water  rises  in  the  large  reservoir, 
and  since  by  hypothesis  we  are  going  to  make  the  value  of  R  such 
that  this  height  will  be  equal  to  y^  we  may  equate  this  expression  to 
y„  thus 

RL  p  Vdv 

which  becomes  after  integrating  and  simplifying 
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in  which  t^  is  known  from  equation  [9].  This  equation  must  be 
solved  by  Successive  approximations,  but  may  be  assisted  very 
materially  by  remembering  that 


y.  -  ^  H  (^,  -  V,y  +  C»  (y;  -  vy  nearly, 

which  may  be  directly  solved,  and  the  value  of  y^  thus  found  may 
be  substituted  in  (10)  as  a  first  trial. 

51  The  size  of  the  ports  will  be  determined  later  from  a  considera- 
tion of  demanded  loads  rather  than  rejected  loads.  It  is  almost 
always  true,  however,  that  when  the  ports  are  properly  designed  for 
picking  up  as  large  part  load  as  will  ever  be  required,  they  will  be 
small  enough,  so  that  in  case  of  a  sudden  complete  shut  down,  the 
water  will  easily  attain  its  full  figured  height  of  y^  in  the  riser,  and 
even  spill  over  into  the  larger  vessel.  It  should  always  be  arranged 
to  do  so,  at  any  rate.  The  method  of  fixing  the  size  of  ports  will  be 
pointed  out  later. 

52  As  above,  we  have  for  acceleration, 

~a 

from  which,  by  integration  as  for  (8a)  and  substitution  between  the 
proper  limits  7^  and  7,  we  have,  after  simplif3dng 

, k ,,,  (2^z.)(2_tr.)      nil 


in  which  Z  is  substituted  for 


4 


to  save  repetition. 

53    Also,  by  a  process  precisely  similar  to  the  one  for  obtaining 
equation  (10)  we  have 

in  which  the  same  approximate  value  of  y^  as  given  for  equation  (10) 
may  be  used  as  a  first  trial,  and  in  fact,  is  often  close  enough  with- 
out going  further. 
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54  The  size  of  the  ports  is  easily  made  consistent  with  the  rest 
of  the  design  by  arranging  them  of  such  size  as  to  discharge  a  quantity 
of  water  equal  to  A  (F,  —  V,)  under  the  head  of  y^.  Within  reason- 
limits  there  is  not  much  danger  of  getting  them  too  large  and  it  is 
always  better  to  err  on  that  side  by  assuming  a  value  for  (V,  —  Vj) 
fully  as  large  as  can  ever  conceivably  be  suddenly  demanded  by  an 
increment  of  load.  (7,  —  Y^  equal  to  10  per  cent  V,,  where  7,  is 
the  full  load  velocity,  is  often  an  outside  figure  for  very  large  plants, 
but  not  for  small  ones. 

55  Thus  far  not  much  account  has  been  taken  of  the  swelling 
action  due  to  the  opening  of  the  wheel  gates  during  depression  of 
the  wave,  due  to  the  drop  in  head,  and  the  closing  of  the  gates  during 
surge  of  the  wave  due  to  rise  in  head.  As  before  stated,  this  action  is 
unimportant  only  when  the  design  of  the  regulator  is  perfectly  ade- 
quate in  other  respects,  but  it  is  always  best  to  choose  F,  —  Vj  large 
enough  by  making  V,  large  enough  to  cover  the  increase  in  velocity 
due  to  the  dropping  off  in  head  equal  to  a  trial  y^,  which  would  tend 

h  V 
to  increase  V,  to  about ,    —   where  h  is  the  working  head.     This 

*  -  yi 
correction  produces  quite  accurate  results  in  the  use  of  equation 
(12)  and  gives  fair  results,  which  are  on  the  safe  side,  in  the  use 
of  equation  (7). 

66  When  the  differential  action  is  omitted,  this  consideration 
rapidly  increases  in  importance  as  the  tunnel  or  conduit  becomes 
longer,  and  for  values  of  R  above  a  certain  critical  amount,  an  in- 
verse function  of  the  length,  the  waves  will  accelerate  at  each  vibra- 
tion, and  continue  to  increase  in  amplitude  until  checked  by  the  open 
top  of  the  surge  pipe,  after  which  they  will  vibrate  at  constant  ampli- 
tude indefinitely,  so  long  as  the  load  remains  steady. 

67  The  critical  value  is  difficult  to  express  mathematically,  but  it 
evidently  may  increase  as  the  working  head  increases  and  must  de- 
crease as  L  increases;  also,  it  is  practically  independent  of  the  amount 
of  initial  change  in  load,  and  independent  of  the  actual  velocity 
values,  within  working  limits. 

68  With  a  proper  differential^^arrangement  the  value  of  R  could 
be  twice  as  much  as  this  critical  value,  and  even  then  it  would  likely 
be  far  on  the  safe  side.  This  consideration,  however,  is  not  of 
much  practical  value  because  almost  invariably  such  a  large  value  of 
R  would  make  the  head  variation  too  great  to  meet  the  requirements 
of  good  regulation:  but  without  the  differential  action  it  is  quite 
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possible  to  get  R  too  largei  especially  when  the  head  is  low  as  com- 
pared with  the  length  of  the  conduit.     When  ~  gets  below  -  with 

L  g 

L  greater  than  a  quarter  of  a  mile  or  so,  it  becomes  extremely  easy  to 
fall  into  grave  errors,  if  no  more  thought  is  given  to  the  size  of  the 
standpipe  than  simply  to  provide  area  enough  for  a  moderate  initial 
variation  in  head. 

59  In  computing  R  it  must  be  borne  in  mind  that  the  area  of 
standpipe  which  affects  these  pressure  waves  is  that  intersected  by 
a  horizontal  plane.  That  is,  if  the  pipe  is  not  vertical  it  is  more  effec- 
tive because  the  area  of  the  horizontal  ellipse  is  then  the  governing 
feature. 

POSSIBLE  USE  OF  COMPRESSED   AIR 

60  When  the  groimd  in  the  immediate  vicinity  of  the  power  house 
is  low-lying,  making  it  a  hardship  to  carry  the  regulator  structure  as 
high  as  would  be  necessary,  it  is  quite  feasible  and  easily  practicable  to 
cut  down  the  height  by  superimposing  a  false  atmosphere  of  more  or 
less  high  pressure. 

61  This  can  be  done  by  closing  the  reservoir  at  the  top  and  con- 
necting it  to  a  compressed  air  chamber,  providing  a  fairly  ample 
expansion  area.  The  compressor  plant  would  be  insignificant  as  it 
would  merely  have  to  make  up  for  leaks  and  absorption  of  air  by  the 
water.  The  same  formulae  apply  very  well  when  they  are  patched 
up  to  allow  for  the  expansion  and  contraction  of  the  air. 

62  Before  developing  equations  for  the  design  of  the  compressed- 
air  regulator,  it  may  be  well  to  point  out  a  new  phase  of  the 
differential  action,  as  effected  by  the  presence  of  the  internal  surge 
pipe  or  riser.  This  pipe  is  really  nothing  more  nor  less  than  a  piezom- 
eter, or  measurer  of  the  accelerating  or  retarding  head  acting  upon 
the  conduit.  Now,  this  head  would  exist,  whether  it  were  measured 
or  not,  so  we  may  imagine  the  riser  to  be  suddenly  constricted  indefi- 
nitely, just  above  the  ports,  but  having  ample  entry  way  from  the 
conduit.  Then  we  may  go  a  step  further,  and  close  up  the  pipe 
hermetically,  just  above  the  ports;  and  then,  since  the  port  holes  may 
as  well  be  horizontal  as  vertical,  we  may  unite  them  into  one  hole  at 
the  termination  of  the  short  projecting  neck  of  riser. 

63  This  gradually  leads  to  the  use  of  a  short  nozzle  entering  the 
conduit,  and  leading,  with  ample  entry  way,  from  the  bottom  of 
the  tank.  Such  an  affair  as  naturally  designed  would  make  the 
exit  of  the  water  from  the  tank  into  the  conduit  far  harder  than 
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.entry  .from  the  conduit  into  the  tank,  and  this  is  precisely  what 
is  desired  in  the  operation  of  a  plant,  because  much  larger  loads  (even 
full  load)  are  suddenly  rejected  than  can  ever  commercially  be  sud- 
denly demanded. 

6^^ .  Even  under  atmospheric  pressure  the  riser  may  sometimes  be 
omitted  to  ^vantage,  if  the  constriction  at  the  port  or  ports  makes 
the  operation  the  same  as  though  it  were  present,  but  usually  it  is 
better,  to  have  it  ip.  The  use  of  compressed  air,  however,  would  usu- 
^y  demand  its  omission,  becaiise  the  vertical  dimension  of  the  tank 
is  almost  never  sufficient  to  furnish  the  required  room  for  the  water 
to  rise  and  fall  within  it. 

65  For  an  ordinary  air  tank  without  constriction  at  the  ports  we 

pi 
have  j— —  +  y=  the  pressure  head,  where  I  is  the  length  or  height  of 

the  tank  c^ave  the  wcUer  level,  or  the  length  of  the  air  column,  p  is  the 
original  steady  air  pressure  above*  zero,  expressed  in  water-feet,  and 
y  is  the  height  of  a  wave,  as  before.    Tho  net  head  against  which 

p  y 
work  is  done  in  lifting  the  water  and  compressing  the  air  is  \— — 

.  -h  y.    Therefore,  neglecting  friction,  we  hUve, 

C''  Pydy  ^    Tydy^  —  r     (7-  70  dv  for  retarding. 

Integrating  and  simplifying  we  have; 

y'-2p|nog.(l-|^)  +  y|-^|(F,-y.)'-(7-y.)'J[13] 

which  becomes,  for  y^  which  is  a  maximum  when  7  =  7j 

y;  -  2  p  I  nog.(l  -  ^)  +  y  I  -  :^[  (7,  -  F.)']      [14] 

'  which  holds  good  for  retarding.    Similarly,  for  accelerating  we  have, 

y'-2pi^llofu(l+fyy^  =  ~[{V,-V^'-{V,-Vy][l5] 

66  The  time  of  vibration  and  the  introduction  of  friction  may 
lead  to  results  by  processes  similar  to  those  used  in  the  previous 
solutions,  but  inasmuch  as  friction  is  often  negligible  where  com- 
pressed aif  is  used,  and  the  period  of  vibration  has  little  practical 
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value,  the  writer  has  not  taken  the  time  to  go  into  these  tedious  de- 
tails.    Besides,  the  differential  action  should  never  he  omitted. 

67  Let  us  now  study  this  action  under  compressed  air,  and  let  h 
be  the  ratio  of  the  instantaneous  rise  of  pressure  in  the  imaginary 
or  existing  internal  surge  pipe,  to  the  ultimate  maximum  height  of 
water  wave,  which  we  shall  still  designate  as  t/j.  Let  the  value  of  R 
be  such,  that  the  ultimate  rise  of  water  to  a  value  y^  plus  the  additional 
pressure  due  to  compressing  the  air  will  just  equal  the  first  temporary 
instantaneous  rise  of  pressure  which  we  are  expressing  as  6  t/^.  If  the 
value  of  iJ  is  eventually  going  to  be  fixed  as  above  described,  it 
follows  that  the  retarding  or  accelerating  pressure  levd  will  hold 
practically  constant  during  the  period  of  retardation  or  acceleration, 
and  will  have  a  value  of  b  y^  and  the  accelerating  or  retarding  head 
will  have  a  value  of  6  y^  —  Z  where  Z,  as  before,  represents  the  change 
in  hydraulic  gradient. 

68  The  area  of  the  ports  to  meet  this  condition  must  be 

ev2gby, 

where  0  is  the  coeflBcient  of  discharge.  Furthermore,  inasmuch  as 
we  may  have  V  maximum  suddenly  rejected  and  we  may  make  the 
coefficient  of  nozzle  discharge  different,  to  suit,  in  exit  and  entry  of 
water,  it  should  be  designed  for  two  coefficients,  0'  and  0"  for  accelerat- 
ing and  retarding  respectively,  and  we  should  have 

A  (7.  -  7,)  AVn 


max 


e'V2gby^    "    e"V2ghyr 


[16a) 


where  7,  —  V,  represents  a  large  load  suddenly  demanded  and  V 
maximum  represents  full  load  suddenly  rejected.  Referring  to  equa- 
tion (11)  and  putting  y,  =  6  j/,  we  have, 

, L^     __ ,     (Z'  -  y.)  (z-  +  y.)  , 

'~  2g  VCh^+~Cnr\  '°^  (Z'  +  y.)  (Z-  -V,)         '     ^ 
in  which 


similarly  to  (11).    Comparing  equation  (12)  and  introducing  6i/,  for 
y,  in  the  right  hand  side  of  the  equation,  we  have, 

y.  =  fl <a ^. - 2^ log.  ^^^I^Tccypyj  ^^' 
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from  which  R  may  be  foimd  with  a  trial  value  for  y^  and  b.  The  value 
of  b  has  to  be  selected  according  to  judgment,  and  is  fixed  entirely 
by  the  proportions  of  the  air  chamber  and  the  air  pressure  as  follows: 
According  to  the  original  assumption  of  the  value  of  6, 


iT  Vi 


from  which, 


and 


'-ih^'  L18] 


l=^^-^±y,  [19] 

69  Note  that  b  has  slightly  different  values  in  accelerating  and 
retarding  due  to  change  of  sign.  If  y^  and  I  are  selected  by  judgment, 
then  b  follows,  and  R  may  be  determined  from  (16)  and  (17).  If  the 
proportions  do  not  suit,  a  new  trial  must  be  made,  as  there  is  probably 
no  easy  way  to  put  these  things  together. 

70  The  decrease  or  variation  in  head  on  the  water  wheels,  which 
is  the  thing  usually  desired  to  limit,  is  naturally  by^  or,  as  above,  for 

-pi 
acceleration  j—f—  +  yi  +  p.    So  that  6,  I,  and  t/j  should  really  be 

selected  together  according  to  judgment  before  attempting  to  work 
out  t^  or  R.    Similarly,  for  retarding  (cf.  equations  (9)  and  (10)) 


''     9  VCb  Vi-CPV 


V  V 

tan"'-  .T    ~ — -—tan"* 


^'l--K         #'-n 


[20] 


*"^  ^'=11  ''^g'by.-cI'Tl-T:)  -^^rV^  [21] 

and  for  a  complete  shut  down  where  V^  =  0  and  7,  =»  F  maximum 
we  have, 

R  L  byr 

in  which  y^  may  be  found  by  successive  approximations,  and  when 
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it  is  found,  the  value  of  6"  may  be  determined  from  equation  (16a), 
0'  having  been  determined  from  the  assumed  value  of  r/j  for  accelerat- 
ing. It  is  not  absolutely  necessary  to  have  two  values  for  Oy  but 
this  method  is  a  desirable  refinement.  In  presenting  these  formul© 
for  the  design  of  regulators,  the  writer  desires  to  point  out  very  clearly 
that  the  equations  have  not  had  the  benefit  of  a  thorough  independ- 
ent check — they  are  written  rather  hurriedly  and  if  not  absolutely 
right,  as  it  is  believed  they  are,  the  methods  at  least  are  correct  and 
nothing  more  than  a  slip  in  algebraic  transposition,  or  an  error  in  inte- 
gration, will  likely  be  found.  It  is  hoped  that  this  presentation  will 
call  out  all  the  necessary  critics  and  checkers  and  clear  the  subject  of 
all  useless  or  erroneous  matter. 

71  The  regulation  is  nearly  as  good  with  the  air  as  without  it, 
if  the  differential  feature  is  adhered  to,  but  otherwise  not.  In 
such  a  case,  the  advantage  of  this  feature  is  greater  even  than  in  the 
ordinary  case. 

72  The  accompanjdng  curves  illustrate  the  difference  in  shape 
of  the  pressure  wave  between  that  produced  in  an  ordinary  open  tank, 
and  that  produced  under  the  same  conditions  when  a  small  surge  pipe 
is  inserted  within  it.  The  periods  are  not  quite  the  same  on  account 
of  the  reduction  in  the  reservoir  area  due  to  the  presence  of  the  inter- 
nal pipe.  The  quantities  and  constants  assumed  in  working  out  these 
curves  are  as  follows: 

A  =  220       The  diameter  of  surge  pipe  =»  9  ft. 
R  =  0.112       «       «  «   tank         -  50  ft. 

L  »  16200   Aggregate  area  of  ports  «  20  sq.  ft. 
F, -11 
Fi  =  9.8 
A  -640 
Friction  head  20  ft.  for  an  11  ft.  velocity. 

The  action  of  the  wheel  gates  is  taken  into  consideration. 

73  It  may  help  give  a  practical  flavor  to  this  discussion  to  know  that 
these  particular  curves  represent  conditions  which  would  exist  in  the 
Feather  River,  Cal.,  development  at  Big  Bend,  in  following  out  a 
design  for  a  surge  tank  regulator  suggested  by  John  R.  Freeman, 
C.E.,  and  approved  with  some  minor  modifications  by  Viele,  Black- 
well  &  Buck  of  New  York. 

74  Where  it  is  desired  to  catch  all  the  water  under  all  conditions, 
the  internal  surge  pipe  has  a  particularly  advantageous  feature  in 
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permitting  an  eflfective  factor  of  safety  by  simply  extending  it  above 
the  top  of  the  tank,  although  the  tank  may  have  been  figured  not  to 
overflow  with  the  surge  pipe  cut  oflf  level  with  it.  When  the  tank  is 
not  made  ample  to  catch  all  the  water  in  case  of  a  shut  down,  some 
provision  must  naturally  be  made  to  carry  it  away.  In  case  the  differ- 
ential action  is  used,  however,  it  is  ususJly  just  as  cheap  to  catch  all 
the  water  as  to  provide  for  getting  rid  of  it,  and  a  good  deal  neater. 

75  The  writer  would  like  to  point  out  emphatically  that  the  sub- 
ject matter  of  this  paper  is  intended  to  treat  only  of  the  long  and 
comparatively  sluggish  waves  which  vibrate  in  the  main  conduit  as  a 
unit,  and  mtut  not  be  confused  with  the  rapid  waves  which  serve  to 
communicate  pressure  from  one  end  of  the  column  to  the  other.  The 
velocity  of  these  latter  waves  is  so  great  as  compared  with  the  time  of 
oscillation  of  the  surge  waves,  in  a  long  conduit,  that  the  time  occupied 
in  transmitting  pressures  through  the  column  is  neglected  in  all  the 
foregoing  studies. 

76  Furthermore,  adequate  provision  for  damping  these  surges, 
according  to  the  foregoing  formulae,  does  not  mean  that  regulation 
will  be  satisfactory  if  the  closed  penstock  between  this  regulator  and  the 
power  house  is  too  long  or  carries  water  at  too  great  velocities  in  propor- 
tion to  the  total  working  head  and  kinetic  energy  of  the  rotating 
machinery. 

.  77  The  closed  turbine  feeder  or  penstock  also  contains  within  it- 
self two  distinct  classes  of  wave  phenomena  similar  to  the  long  main 
conduit,  but  in  this  case  there  is  usually  not  enough  difference  in 
time  between  the  oscillating  period  of  the  surge  wave  and  time  of 
travel  of  the  pressure  wave  so  that  the  latter  may  be  altogether 
neglected. 

78  In  the  long  conduit,  the  period  of  surge  is  a  function  of  the 
length  alone  where  R  is  constant;  whereas,  in  the  penstock,  the 
period  of  sui^^ge  is  a  function  of  the  speed  of  the  waterwheel  governor 
which  is  too  rapid  to  be  considered  as  anything  but  infinite  in  the 
long  conduit. 

79  It  is  apparent  then,  that  at  least  two  considerations  make  the 
treatment  of  the  closed  penstock  different  from  that  of  the  long  conduit, 
viz.,  the  velocity  of  the  pressure  wave  and  the  speed  of  governor 
travel  which  in  the  latter  case  are  both  regarded  as  infinite  as  com- 
pared with  time  of  surge  vibration. 

80  The  intimate  relation  between  the  kinetic  energy  in  the  pen- 
stock, the  stroke  of  the  governor,  and  the  kinetic  energy  in  the  rotat- 
ing machinery  is  not  studied  in  this  paper,  as  it  would  require 
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more  time  to  set  forth  than  is  at  present  available  for  the  purpose; 
but  the  writer  would  like  to  offer  an  empirical  rule  which  is 
usually  on  the  safe  side,  and  often  safer  than  is  necessary,  as 
follows:* 

81  If  the  length  of  the  penstock  is  not  greater  than  18  times  the 
head  divided  by  the  velocity,  no  diflBculty  will  be  experienced  in 
regulation,  unless  the  load  changes  are  abnormal  as  compared  with 
the  average  plant.  For  very  high  heads  where  the  wheel  speed  is 
likely  to  be  high,  this  expression  sometimes  becomes  altogether  too 
safe  but  at  any  rate  it  may  serve  someone  as  a  rough  check. 

82  If  the  conduit  is,  for  any  reason,  extended  beyond  the  pen- 
stock connections,  before  coming  to  the  regulator,  as  is  often  desirable, 
then  the  effective  length  of  penstock  is  increased,  so  far  as  regulation 
is  concerned,  and  should  be  considered  equal  to  L'  +  /J'  U^  where  L' 
is  the  actual  length  of  penstock,  R'  is  the  ratio  of  the  aggregate  pen- 
stock area  to  the  area  of  the  extension  section,  and  U  is  the  length  of 
such  extension. 

83  The  writer  will  close  this  paper  with  one  or  two  numerical  ex- 
amples illustrating  the  application  of  his  formulse. 

84  Let  us  imagine  a  plant  of  following  dimensions: 

L  =  5000  ft. 
A  =  100  sq.  ft. 
^max.  =  15  ft.  per  second  =  maximum  draft  ve- 
locity at  lowest  point  of  surge  and  is  substituted  for  V,  in  formula 
according  to  Par.  55. 

A  -  200  ft. 
The  market  or  use  for  the  power,  is  such,  we  will  say,  that  we  are  likely 
to  have  sudden  changes  in  load  requiring  an  increment  in  velocity  of, 
say,  2  ft.  per  second,  from  13  ft.  to  15  ft.  per  second  when  the  opening 
of  the  wheel  gates  and  the  change  in  effective  head  are  considered. 
This  amount  or  rate  of  change  is  a  matter  of  judgment  and  must  be 
estimated  large  enough  for  any  particular  plant  and  markejt  according 
to  the  special .  requirements  of  the  case,  always  remembering  that 

*The  article  by  Irving  P.  Church  in  the  Transactions  of  the  Association  of 
Civil  Engineers  of  Coroeli  University,  1898,  is  of  assistance  in  this  study,  but 
has  not  been  carried  out  so  far  as  to  entwine  into  the  equations  the*effect  of 
the  momentum  of  the  rotating  machinery  as  well  as  (hat  of  the  moving  water 
column,  and  hence  is  still  incomplete  for  correct  application  to  power  plant 
studies,  although  veiy  novel  and  useful  for  the  scope  intended  by  Professor 
Church. 
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larger  part  loads  are  likely  to  be  rejected  than  demanded,  except  just 
after  an  accidental  shut  down,  when  the  reverse  may  be  the  case. 

85  In  selecting  the  increment  in  velocity  it  is  better  to  use  the 
high  actual  velocity  values  as  giving  slightly  more  unstable  conditions. 
C  should  be  chosen  high  enough  to  cover  future  deterioration  of  the 
smoothness,  if  necessary. 

86  For  this  change  in  velocity  of  2  ft.  per  second  let  it  be  required 
to  keep  the  variation  of  head  within  5  per  cent,  or  say,  not  more  than 
10  ft.,  and  in  the  first  place  let  us  figure  the  size  and  height  of  tank 
without  any  differential  action.  In  equation  (7)  putting  y  „^  =  10 
and  solving  for  R  we  have, 

'Win  7? 
100  =  -^-  (15  -  13)2  ^  0.01  (15'-i3')'  or  /J  =  about  0.11 

A 
Hence  the  proper  area  of  tank  =  ^  =  910  or  diameter  «  34  ft. 

R 

87  Now  let  us  see  what  the  surge  would  be  in  case  of  a  shut  down. 
To  do  this,  put  72  —  15  and  V^  =  0  in  the  same  formula,  and  solve 
f^r  t/„^.  thus: 

5000  X  0  11  

Vfnas "32:2"^"  (^^^'  "^  ^'^^  ^  ^^'  ^^  y^<^  ^   ^®  ^*' 

which  is  to  say  that  the  water  will  rise  66  ft.  above  its  existing  full 
load  level,  which  latter  is  C  1^  below  the  pond  level,  or  ^  X  T5'  = 
22.5  ft.,  hence  the  elevation  of  the  top  of  the  tank  above  the  pond  level 
must  be  66  -  22.5  or  43.5  ft.  if  it  is  desired  to  catch  all  the  water  after 
a  shut  down.  This  dimension  will  be  on  the  safe  side  because  all  the 
water  is  never  permanently  rejected  at  the  wheels,  enough  being 
retained  to  keep  the  runners  up  to  speed.  For  this  consideration  it 
is  obvious  that  a  value  of  C  should  be  chosen  as  low  at  least  as  it  is 
likely  to  be  in  practice. 

88  The  total  height  of  the  tank  is  then,  theoretically,  10  ft.  below 
the  13-ft.  velocity  gradient  +  43.5  ft.  above  pond  level  or  10  +  yV  X 
13'  +  43.5  =  70.4  ft.  In  case  of  a  complete  shut  down,  regulation 
is  of  no  consequence,  and  care  should  be  taken  only  that  the  pressures 
do  not  become  unsafe.  Let  us  now  compare  the  dimensions  of  a 
tank  containing  an  internal  surge  pipe  6  ft.  or  7  ft.  in  diameter. 
The  writer  has  found  that  within  all  reasonable  limits  the  size  of  this 
pipe  does  not  make  much  difference.  It  should  be  small  for  two 
reasons,  economy  and  because  with  a  small  pipe  the  level  takes  its 
new  position  quickly  and  hence  more  ^nearly  conforms  to  the  theory 
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upon  which  the  tank  dimensions  are  computed.  It  should  be  large 
enough  so  that  the  choking  action  due  to  it  will  not  cause  undue  rise 
in  pressure. 

89  Reverting  to  formula  (11)  with  y  =  10  ft.,  (7,  -  V^)  =  (15  - 
13),  etc.,  let  us  solve  for  t^  or  the  time  occupied  in  accelerating  the 
water  in  the  conduit  from  13  ft.  to  15  ft.  per  second,  while  the  water 
in  the  surge  pipe  maintains  a  steady  level  10  ft.  below  the  end  of  the 
13-ft.  velocity  gradient.  This  condition  is  very  nearly  brought  about, 
as  before  pointed  out,  by  giving  such  a  size  to  the  ports  that  they  will 
discharge  A  (15  —  13)  cubic  feet  per  second  under  the  head  y  or  10  ft. 
Therefore,  if  the  coefl5cient  of  discharge  is,  say  0.6,  we  shall  have  the 
aggregate  area  of  the  ports> 

A{V,-V,)  100x2 

^  =  o.6l/2Ty  ^  oieVlg-xlo  =  '^'^  '^-  ^'- 

The  ports  may  be  a  little  smaller,  and  quite  a  lot  larger  without  having 
much  of  any  effect  upon  t/,„^^  In  general,  it  is  well,  perhaps,  to 
add  some  5  per  cent  to  the  values  thus  obtained.  Furthermore, 
the  coefl5cient  of  discharge  should  be  carefully  considered  according 
to  the  nature  of  the  opening,  the  approach  and  exit  of  the  water,  and 
should  be  chosen  as  low  as  it  is  hkely  to  be,  as  it  is  rather  better  to  err 
on  the  side  of  too  large  "a"  than  too  small. 

90  To  resume  formula  (11)  we  have 

5000  X  2.3  ,      (16.4  -  13)  (16.4  +  15)      ^_ 

'-  ^  eiTTrr™ '"^- '"« (TeXHsy  06.4  -Is)  =  '^-^ ^^- 

Now  substituting  this  value  in  equation  (12)  we  may  solve  for  R 
thus  

,«       r.      ^r,       ,1,      5x6000x2.3         ,       /  iO~ 

10  -  B  X  45.1  X  15 ^^ com.  ^ogyj  ^^~^^-^~_^^i^ 

or,  R  =  0.244.  The  net  tank  area  is  therefore  ^  ^^  or  410  sq.  ft.  as 
against  910  without  the  differential  action.  (These  computations 
were  made  entirely  on  the  slide  rule  and  are  not  particularly  close). 
We  have  therefore  made  a  saving  of  |  plus  the  additional  small  cost 
of  the  riser,  without  taking  into  account  any  change  in  height,  which 
we  will  now  calculate.  In  order  to  catch  all  the  water  after  a  shut 
down  let  us  revert  to  equation  (10)  and  figure  t/„^.  with  R  ==  0.244, 
7j  =  15,  7i  =  0,  etc.  It  will  be  noticed  that  the  latter  term  vanishes 
and  we  have, 

0.244x5000x2.3  ,        I  y 

^  "  3.22~        ."   "^°'-  '^^^y  -  0.r(16)» 
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This  must  be  solved  by  trial,  and  as  a  first  approximation  solve  for  y 
in  equation  (7)  as  follows,  putting  R  =  ^R: 

^  «  5000X0^  ^^gj,  ^  ^^^  ^jgj,  .  or  y  -  69  feet. 
64.4  ^ 

Substituting  this  above  we  have,  y  =  872  com.  log  1/17485  =  74.9 
from  which  we  see  that  the  trial  value  of  y  was  too  small  so  we  now 
try  y  =  71.5  and  we  have  y  =  872  com.  log  i/L459  =  71.5  which 
agrees  with  our  assumption  and  is  the  correct  value.  The  total 
height  of  tank  and  riser  would  be,  as  before  10  —  tit  (15*  —  13')  + 
71.5  -  75.9. 

91  In  order  to  be  sure  that  we  have  not  carried  the  riser  too  high 

in  proportion  to  the  size  of  the  ports  we  must  see  that  their  area  is 

small  enough  so  that  water  will  be  sure  to  reach  at  least  the  top  of  the 

riser.    It  is  preferable  to  have  it  spill  over  into  the  tank  which  it  will 

AV 

be  sure  to  do  if  a  is  well  under 7==  or  when  a  —  13.2  < 

0.6  V  2  g  y 

100  X  15 

/  — -p^  -  —  «=  36.8,  so  in  this  case,  as  usually,  spilling  will  be 
0.6  V  64.4  X71.5 

boimd  to  take  place,  and  our  formula  for  y  =>  71.5  ft.  is  on  the 
safe  side,  for  we  have  neglected  the  friction  and  choking  heads  of  the 
high  velocities  in  the  riser  due  to  shutting  down  full  load,  and  dis- 
regarded the  water  necessary  to  hold  the  wheels  at  speed. 

92  To  sum  up  then,  we  can  get  better  regulation  and  provision 
for  catching  energized  water,  with  a  tank  22.8  ft.  diameter  X  75.9  ft. 
high  and  a  riser  7  ft.  diameter  X  75.9  ft.  high  than  we  can  with  a 
single  tank  34  ft.  diameter  X  70.5  ft.  high  which  would  cost  nearly 
twice  as  much. 

93  The  differential  regulator  is  better  aside  from  the  cost  con- 
sideration, as  already  pointed  out,  because  it  has  an  increased 
damping  effect  upon  the  surge  waves  after  their  inception,  and  ren- 
ders less  likely  a  troublesome  condition  due  to  coincidence  of  waves 
which  would  result  from  load  changes  occurring  at  critical  times  in 
such  manner  as  to  superimpose  a  wave  upon  one  which  was  not  yet 
dead. 

94  In  conclusion  the  writer  would  like  to  say  that  up  to  date  he 
has  had  the  benefit  of  very  little  criticism  of  his  methods  of  treating 
these  problems  and  is  presenting  this  paper  in  the  hope  that  it  wiU 
interest  a  number  of  people  suflSciently  so  that  they  will  help  to 
correct  any  errors  which  he  may  have,  singlehanded,  fallen  into, 
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and  to  expand  and  improve  the  mathematical  treatment  which  has 
been  developed  without  a  particularly  soimd  knowledge  of  differen- 
tial equations.^ 


DISCUSSION 

Mr.  L.  F.  Harza  I  am  interested  in  Mr.  Johnson's  paper,  for  the 
reason  that  I  have  spent  considerable  time  dming  the  past  winter 
studying  the  same  problem.  I  was,  at  that  time,  asked  by  Prof. 
Daniel  W.  Mead  to  make  a  mathematical  study  of  the  general  prob- 
lem of  speed  regulation  of  water  wheels,  to  see  if  some  much  needed 
light  could  not  be  thrown  upon  this  subject  that  would  make  the 
solution  of  speed  regulation  problems  depend  upon  scientific  analysis. 

2  The  studies  were  made  for  Professor  Mead,  and  at  his  expense, 
for  his  forthcoming  work.  Water  Power  Engineering. 

3  The  problem  of  the  standpipe  arose  in  connection  with  the 
general  problem  of  speed  regulation,  and  the  results  accomplished 
were  quite  gratifying.  So  far  as  I  knew  at  th^t  time  no  other  solution 
of  the  problem  had  ever  been  made.  Apparatus  has  been  built,  and 
experiments  are  now  being  conducted  by  Mr.  A.  H.  Ayers  in  the 
Hydraulic  Laboratory  of  the  University  of  Wisconsin  to  verify 
the  formulae  experimentally. 

4  The  portion  of  the  paper  relating  to  the  diflferential  regulator 
or  the  surge  pipe  and  its  use,  is  entirely  new  to  me.  Most  of  the 
equations,  however,  given  by  Mr.  Johnson  as  applying  to  the  simple 
standpipe,  and  some  additional  ones,  were  derived  by  the  writer  by 
a  different  method,  and  two  of  his  equations,  [3]  and  [5],  were  obtained 
in  much  simpler  form.    The  method  used  was  as  follows: 

Let  A    =  cross-sectional  area  of  the  penstock. 
F   =  cross-sectional  area  of  stand  pipe. 
q   =  water  used  by  wheel. 
V    =  penstock  velocity, 

y   »  instantaneous  elevation  of  water  in  the  standpipe 
above  or  below  that  in  the  forebay,  or  the  "  surge. " 

^Patents  have  been  applied  for,  covering  the  differential  feature  of  the  author's 
device,  because  the  correct  use  of  it  requires  careful  study  and  it  is  hop>ed  that 
a  certain  amount  of  restraint  in  its  use  will  serve  better  to  control  its  proper 
application,  and  render  less  likely  costly  misuses  which  might  reflect  discreditably 
upon  the  whole  idea. 


Digitized  by  VjOOQIC 


SURGE  TANK  IN  WATER  POWER  PLANTS  475 

Y  "B  maximum  surge,  neglecting  friction  and  governor 

action. 
T   =»  time  for  return  to  normal  level,  neglecting  friction 

and  governor  action. 
T'    =  time  for  return    to  normal    level,    friction    and 

governor  action  considered. 
H  =»  total  head. 
h  =  instantaneous  head. 
D^  ~  maximum   upward    surge    when    fiill    load    is 

rejected. 
D^  =  maximum  downward  surge  below  initial  friction 

gradient. 
D'b    =  maximum  downward  surge  below  initial  friction 

gradient  with  effect  of  friction  omitted. 
D3   =  maximum  downward  surge  below  forebay  level. 

5  Now,  it  can  readily  be  shown  that 

dv     g 

'jT'^j  (accelerating  head) 

g 
=  y  (2/  —  friction  head  in  penstock) 

Or 

dv        a 

[1] 

[2] 

6  If  the  governor  keeps  step  with  the  change  in  head  and  main- 
tains a  constant  power,  then 

qh  =5^ 
q{H  -y)  ^AvAH-cv,')  [3] 

7  Equation  [2]  now  becomes: 

dy_A\vAH'Cv,^)]  .4, 

dt      f[  (H  -  y)     J  ^  ^ 

8  Differential  equations  [1]  and  [4]  form  a  complete  expression 
of  the  existing  relations,  but  are  very  difficult,  if  not  impossible,  to 
integrate  mathematically.    The  integration  has,  however,  been  per- 


^f(»--> 

is  evident  that 

dy       A  V  —  q 
dt             F 
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formed  for  several  problems  by  the  successive  application  of  the 
equations  to  small  portions  of  the  arc  as  described  by  Mr.  Johnson, 
obtaining  a  damped  harmonic  similar  to  what  he  describes. 

9  Attempts  were  also  made  by  the  writer  to  integrate  equation 
[1]  with  the  a?  term  omitted,  simultaneously  with  equation  [4],  thus 
to  obtain  the  effect  of  governor  action  alone,  and  to  integrate  equa- 
tion [1]  together  with  [2],  where  q  is  constant  and  equal  to  At;,,  in 
order  to  find  the  curve  resulting  from  friction  alone.  Both  attempts 
have  failed  thus  far. 

10  If  both  friction  and  governor  action  are  neglected,  we  have 


11  The  writer  found  these  equations  to  resemble  very  closely  the 
simple  sine  curve  when  plotted  by  the  arithmetical  method,  and  there- 
fore assumed  the  equation  of  the  general  sine  curve;  differentiated 
it,  and  equated  the  derivatives  to  those  given  by  [5]  and  [6]  for  certain 
determining  points  of  the  curve.  By  this  method,  expressions  were 
readily  derived  for  Y  and  T  (one-half  the  wave  cycle)  and  the  follow- 
ing v-i  and  y-i  equations  obtained.  Later  on,  the  writer  suc- 
ceeded in  integrating  equations  [5]  and  [6]  mathematically,  and 
obtained  the  same  identical  equations  as  before: 


r-«^ 


>/ 


^  [7] 

Ag 

(».  -  ».)  [8] 


ysineji  (9] 


"j  -  ("a  -  »i)  COS  -  t  [10] 
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12  In  order  to  obtain  more  valuable  equations,  which  would 
include  the  effect  of  governor  action  and  friction,  the  following  method 
was  used: 

13  Let  the  time  required  to  reach  D^  and  hence  to  reach  approx- 

T' 
imately  the  value  t?,,  under  exact  conditions,  be  — . 

T'  T 

14  The  time  --  will  be  slightly  greater  than  —  when  friction  and 

governor  action  are  involved,  and  the  method  of  determining  it  will 
be  given  later  (equation  [22]). 

15  It  is  evident  that  the  number  of  foot  pounds  of  energy  which 

T 
must  be  supplied  by  the  standpipe  in  this  time  —  is  equal  to  the 

energy  reqidred  by  the  wheel  plus  that  required  to  accelerate  the 
water  in  the  penstock  plus  that  necessary  to  overcome  the  friction 
of  the  penstock  minus  that  supplied  through  the  penstock, 
Or 

B,  -  B^  +  B.  -f  B,  -  Bp  [11] 

16  Now 


E^^wFdAu  ^  a>^  ^^\ 


[12] 


where  D^  is  the  maximum  surge  below  the  initial  friction  gradient 
for  Vp  and  is  used  in  place  of  F  to  distinguish  it  from  the  value 
obtained  by  the  other  foimula. 
17    Also 


18    And 


E^^AvJ^wifl^coi)  [13] 


B.  -  2^-AL(t;,»-V)  [14] 


19    To  obtain  B,  we  have 

dBf-Avti^Xcv'cte  [15] 

where  c  is  the  friction  coefficient  and  v  is  obtained  from  equation  [10]. 

V  -  Vj  -  (Vj  -  v^  cos  ^  i 
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T' 

20  The. integration  of  [15]  between  the  limits  ^  —  —  and  o,  gives 

(v,  -  t;j)«  j  [16] 

21  Also  to  find  E^  we  have 

dE^^H Awv  di, 

where  v  is  obtained  from  equation  [10]  as  before.    Integrating  between 

T' 
the  limits  —  and  o,  gives 


E^.HA.T'{^-^-^) 


117] 


22    Combining  and  simplifying: 


2  A   \   L   ,   ,         „    .  «r       3T'     , 


0 


V, 


;r 


^a 


+  ^(t^,-t,,)} 


[18] 


O.  =  Z>b  +  ct;,»  [19] 

23  The  upward  surge  can  be  found  by  the  same  equation  by  a 
proper  change  of  signs,  but  is  unimportant  since  it  is  always  less  than 
the  downward  surge  D^  ^^^  *^^  same  change  of  velocities. 

24  If  friction  be  omitted  and  T'  be  changed  to  T  for  reasons 
mentioned  later,  equation  [18]  reduces  to 


DV  -?HD'^^-  ^  I  ^-^  {^vi  -  v^)  -f-  ^J  (t.,  -  t;,)| 


[20] 


26  To  derive  an  equation  for  the  maximum  upward  surge  D 
when  full  load  is  rejected,  we  may  equate  the  original  kinetic  energy 
in  the  penstock  to  that  expended  in  friction  plus  that  used  in  raising 
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water  in  the  standpipe.    The  energy  lost  in  friction  is  found  from 
equation  [16]  by  putting  v^  =  o,  or 

Er 

26    The  other  quantities  are  evident.    This  gives* 

WAL    ^      AwcTv*       wFD^^ 
2(7       *  6  2 

Or 


°.'  =  ^-(r^) 


[21] 


27  Equations  [18],  [19],  [20]  and  [21]  are  all  theoretically  exact, 

except  for  the  assumption  that  the  velocity-change  takes  place  along 

T 
a  simple  harmonic  in  time  --.    The  true  curve  for  a  half  cycle,  as 

Ji 

used,  is  scarcely  distinguishable  from  a  simple  harmonic  but  its 

period  or  time  for  return  of  water  in  standpipe  to  normal  level  is 

greater  than  the  value  T,  given  by  equation  [7].     In  two  cases  which 

the  writer  has  solved  by  arithmetical  integration  and  in  the  example 

given  by  Mr.  Johnson  of  the  conditions  at  the  Feather  River  Plant, 

shown  in  Fig.  2,  the  true  value  T'  may  be  closely  approximated  by 

the  following  formula: 

T  ^^T  [22] 

where  T  is  found  from  equation  [7],  Y  from  equation  [8],  and  D\ 
from  equation  [20]. 

28  The  quantity  T'  is  useful  in  itself  as  the  true  time  for  return 
to  normal  head,  but  its  use  in  formula  [18]  for  determining  D^  is  not 
advisable,  as  the  writer  has  found  by  solving  a  number  of  problems 
that  the  value  of  D^  thus  found  agrees  almost  exactly  with  the  value 
of  D\  found  from  equation  [20],  in  which  equation  the  value  of  T 
from  equation  [7]  is  used.  Equation  [18]  may  thus  be  rejected 
entirely,  and  equation  [19]  becomes 


D3  =  c  V,'  +  D'b  [23] 
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29  For  a  basis  of  judging  the  accuracy  of  approximate  formulae 
three  problems  have  been  selected,  all  of  which  have  been  solved  by 
arithmetical  integration,  and  whose  correct  solutions  are  therefore 
known.  Problems  1  and  2  have  been  solved  by  the  writer,  and  the 
solution  by  arithmetical  integration  of  Problem  3  has  been  given  by 
Mr.  Johnson  in  Fig.  2. 


H 

L 

A 

F 

R 

»i 

*J 

1     c 

Problem  1 

Problem  2 

Problems 

50 
200 
540 

600 

6000 

16  200 

50.8 
100 
220 

402.4 
010 
1964 

0.126 

0.11 

0.112 

1.04 
13 
0.8 

4.77 
15 
11 

0.03 

0.1 

0.1654 

30    The  degree  of  accuracy  obtained  in  applying  equation  [22] 
is  shown  by  the  following  table: 


T*  (True  yalua  by  aaiihmatioal 
iatecratioQ. 


T  by  equAtlon  [22] 


Problem  1.. 
Problem  2. 
Problem  3. 


40.4 
156 
234 


31    The  agreement  of  formulae  ([18]  and  [19])  and  ([20]  and  [23]) 
for  2)3  is  shown  below: 


Db  by  equAUon  [19] 

Db  by  equation  [23] 

Problem  1 

28.2 
26.7 

4.66 

Problem  2 

28.85 

Problem  8 

26.0 

32  This  evidently  indicates  that  equations  [18]  and  [19]  may  be 
discarded. 

33  The  following  comparison  of  the  results  of  the  writer's  equation 
for  D3  with  Mr.  Johnson's  equation,  and  with  the  correct  values, 
shows  a  remarkable  accuracy  of  both  methods. 


«|« 

By  arithmetical  in-  Johnson's  equa. 
tegration                     +  en* 

[7l'  Writer's  equation 
'             [23] 

Problem  1 

0.11 
16.9 
16.0 

4.76 
28.15 
26.1 

4.46 
26.9 
25.66 

1               4.66 

Problem  2 

28.85 

Problem  3 

26.0 
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34  If  full  load  (v  =  15)  be  suddenly  thrown  off  in  problem  2, 
Johnson  finds  the  maximum  upward  surge  to  be  43.5  ft.  above  pond 
level.  The  writer's  equation  [21]  gives  48.8  ft.,  and  the  correct  value 
obtained  by  arithmetical  integration  with  one-second  intervals  is 
47.8  ft.  This  is  the  only  problem  which  the  writer  has  solved  to 
check  these  formulse. 

35  The  above  comparison  shows  that  both  methods  for  determin- 
ing Db  give  results  very  close  to  the  truth,  and  much  closer  than  the 
accuracy  which  can  be  obtained  in  estimating  the  maximum  instan- 
taneous load  change  which  should  be  provided  for.  The  danger  of 
the  piling  up  of  waves  also  adds  an  additional  factor  which  must  be 
left  to  the  judgment  of  the  engineer. 

36  In  the  opinion  of  the  writer,  the  standpipe  should  not  be  built 
high  enough  to  hold  all  the  water  when  full,  or  nearly  full,  load  is 
rejected  by  the  wheels,  but  should  preferably  be  built  to  overflow 
either  at  the  top  or  through  relief  valves  at  the  bottom  set  to  waste 
when  the  water  reaches  a  given  height. 

37  This  overflow  provision  not  only  limits  the  upward  surge  but 
also  thereby  limits  the  maximum  possible  downward  surge  which  can 
occur,  and  prevents  the  possibility  of  the  piling  up  of  waves  above 
a  certain  value,  which  can  be  definitely  figured,  and  depends  upon 
the  height  of  overflow  above  the  forebay.  The  water  which  would 
waste  at  the  rate  intervals  when  full  load  is  rejected  would  be  of 
slight  consequence,  and  the  large  additional  height  of  standpipe, 
which  would  in  many  cases  be  necessary  to  conserve  this  water, 
would  not  be  economical.  For  example,  in  problem  2  the  standpipe 
would  need  to  be  built  about  50  ft.  above  the  forebay.  The  higher 
the  standpipe  is  built,  the  less  often  will  it  overflow,  and  economy 
of  design  would  call  for  a  proper  balance  between  first  cost  and  water 
economy.  In  addition  to  economy,  the  overflow  serves  to  damp  the 
surge  and  prevent  the  piling  up  of  waves. 

38  Mr.  Johnson  has  based  his  original  equations  for  the  diflferential 
regulator  upon  some  assumptions,  the  trtlth  of  which  must  be  demon- 
strated by  arithmetical  integration  or  by  experiment. 

39  The  writer  has  not  yet  had  time  to  apply  arithmetical  integra- 
tion to  the  differential  features,  but  as  he  claims  to  have  done  so  many 
times  himself,  the  form  of  pressure  curve  which  he  describes  is  doubt- 
less correct.  If  the  newly  required  velocity  is  to  be  obtained  in 
approximately  the  same  length  of  time  as  with  a  simple  standpipe, 
it  is  evident  that  the  average  accelerating  heads  in  both  cases  must 
be  equal.    Therefore,  if  the  differential  feature  produces  approxi- 
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mately  a  constant  accelerating  head,  this  head,  and  hence  the  surge, 
can  be  less  than  with  the  simple  standpipe  in  about  the  ratio  of  the 

2 
average  ordinate  of  the  sine  wave  to  its  maximum  ordinate,  or  - 

=  0.637.  The  differential  feature  doubtless  changes  somewhat 
the  time  required  for  this  change  of  velocity,  and  hence  also  the 
relative  amplitude  of  the  surge  waves. 

40  Assuming  that  the  surge  is  reduced  by  this  differential  feature, 
some  obvious  advantages  result,  as  follows: 

a  When  the  unit  has  been  working  at  part  load,  and  full  load 
is  suddenly  demanded,  the  reduction  of  the  surge  evidently 
helps  to  prevent  the  effective  head  from  dropping  to  such 
a  point  that  the  power  demanded  cannot  be  delivered. 

b  The  surge  waves  are  made  to  die  out  more  rapidly  than 
with  a  simple  standpipe,  without  overflow,  which  makes 
less  likely  the  dangerous  piling  up  of  the  waves  from  several 
successive  gate  movements. 

41  To  determine  the  general  effect  of  the  differential  feature  upon 
speed  regulation,  let  us  consider  the  duties  of  the  governor.  The 
speed  of  a  unit  will  remain  normal  as  long  as  the  power  output  of  the 
wheel  equals  the  demand.  This  power  output  is  represented  by  the 
quantity  qh,  where  q  is  the  actual  water  passing  through  the  wheel, 
and  h  is  the  effective  power  head.  The  function  of  the  governor  is 
to  maintain  this  power  product  at  a  value  just  equal  to  the  demand,  by 
readjusting  q  for  each  change  which  may  he  made  in  the  demand  for 
power,  or  which  may  occur  in  the  head,  h. 

42  Now,  three  influences  oppose  speed  regulation: 

a  The  governor  cannot  act  until  a  change  of  speed  has  occurred, 
of  a  magnitude  depending  upon  the  sensitiveness  of  the 
governor.  During  this  interval  the  wheels  have  been 
developing  the  original  power  corresponding  to  Vj,  while 
the  generator  has  been  delivering  the  power  corresponding 
to  Vj.  The  result  is  the  loss  of,  or  absorption  of,  energy 
by  the  rotating  parts,  which  results  in  a  change  of  speed. 

b  After  the  governor  has  begun  to  move  the  gates,  some  time 
is  required  to  complete  the  movement  during  which  time 
the  speed  departs  still  further  from  normal. 

c  After  the  gates  have  reached  their  proper  position,  an 
appreciable  time  is  required  for  the  water  in  the  penstock 
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to  accelerate  up  to  the  newly  required  value.  This  time 
varies  from  zero,  for  a  zero  length  of  penstock  and  draft 
tube,  to  a  period  of  many  seconds  for  a  long  closed  pen- 
stock. 

43  The  penstock  should  be  measured,  for  comparing  speed  regu- 
lation conditions,  from  forebay  or  standpipe  if  one  is  used  to  tail 
water. 

44  Now,  if  the  turbines  were  to  take  their  water  directly  from  a 
simple  standpipe,  without  appreciable  length  of  penstock,  then  the 
first  and  second  influences  are  the  only  ones  opposing  speed  regulation. 
If  we  assume  after  the  initial  gate  movement  resulting  from  a  load 
change  that  the  speed  returns  to  normal,  then  it  will  not  again  depart 
from  normal  except  by  an  amount  sufficient  to  actuate  the  governor. 
The  slow  wave-like  variations  which  take  place  in  h  can  be  readily 
compensated  for  by  the  governor,  without  the  sudden  large  gate 
movement  which  was  at  first  here  required  to  compensate  for  the 
load  change.  Poor  speed  regulation  results  from  quick  changes  of 
effective  head,  rather  than  from  large  changes  (within  reasonable 
limits),  and  a  small  quick  change  in  h  may  cause  a  larger  speed  varia- 
tion than  a  much  larger  slow  change. 

45  In  the  case  of  the  differential  regulator  the  sudden  increase 
of  load  is  followed,  as  the  gates  move,  by  the  sudden  drop  in  effective 
head  in  the  surge  pipe,  which  in  the  standpipe,  did  not  occur  to  an 
appreciable  extent  until  the  governor  had  made  the  gate  adjustment 
for  the  load  change,  and  even  then  took  the  form  of  a  gradual  instead 
of  a  sudden  drop.  Thus  the  surge  pipe,  in  effect,  adds  to  the  load 
for  which  the  governor  must  compensate.  As  the  power  of  a  wheel 
is  proportional  to  the  three  halves  power  of  the  head,  it  follows  that 
a  sudden  drop  of  5  per  cent  in  the  effective  head  on  a  wheel  would  be 
equivalent  in  its  demand  upon  the  governor  and  therefore  in  its 
effect  upon  speed  regulation  to  a  sudden  increase  of  load  amounting  to 

(-95)        =  '^'' 

or  8  per  cent.    This  must  be  added  to  the  real  load-increase  to  get 
the  increase  which  is  effective  so  far  as  speed  regulation  is  concerned. 

46  If  there  is  a  considerable  length  of  penstock  between  the  surge 
tank  and  the  wheel,  then  the  bad  effect  upon  speed  regulation  is 
augmented.  This  is  due  to  the  fact  that  a  smaller  head  than  in  a 
simple  standpipe  becomes  available  for  accelerating  the  water  in  this 
portion  of  the  penstock.     A  greater  time  is  required  to  generate  the 
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newly  required  penstock  velocity  under  this  reduced  head,  with  a 
consequent  deficiency  of  developed  power  and  drop  in  speed  of  the 
unit. 

47  The  value  which  is  placed  upon  speed  regulation  by  dif- 
ferent engineers  and  the  attention  which  is  given  to  this  problem  in 
the  design  of  plants  differ  widely.  It  is  now,  and  must  always 
remain,  a  matter  of  individual  judgment  as  to  how  much  in  any  par- 
ticular instance  can  be  spent  to  obtain  close  speed  regulation.  The 
effect  of  the  surge  pipe  might  not  render  the  speed  regulation  un- 
satisfactory if  the  other  factors  contioUing  speed  regulation  were 
favorable. 

48  The  writer  docs  not  wish  it  understood  that  he  is  opposing 
entirely  Mr.  Johnson's  differential  scheme  or  trying  to  underestimate 
the  value  of  the  principle  which  he  has  discovered  and  developed. 
A  knowledge  of  the  exact  effect  of  a  resistance  between  penstock  and 
standpipe  is  of  much  value,  and  much  credit  is  due  Mr.  Johnson  for 
his  thorough  analysis  of  the  problem. 

49  The  writer  believes  that  Mr.  Johnson's  criticism  of  Mr.  H.  E. 
Warren's  able  paper  upon  Speed  Regulation  of  High  Head  Water 
Wheels  is  unwarranted.  The  governor-controlled  by-pass  valve 
which  Mr.  Warren  claims  to  be  "the  only  complete  remedy  for  the 
troubles  in  speed  regulation  caused  by  excessive  inertia  of  a  water 
column,"  is,  in  reality,  the  only  scheme  except  the  deflector  nozzle, 
which  can  vary  the  power  derived  from  a  long  penstock  without 
change  of  effective  head,  and  is  therefore  the  most  perfect  scheme  as 
regards  speed  regulation  alone.  Water  economy,  whether  it  results 
from  the  use  of  fly  wheel,  standpipe,  or  surge  tank,  brings  with  it 
speed  regulation  troubles,  more  or  less  severe,  depending  upon  the 
natural  conditions  as  well  as  upon  the  care  and  expense  exercised 
in  the  design  and  construction  of  the  plant. 

Prof.  I.  P.  Church*  The  subject  treated  in  this  valuable  paper  is 
of  such  importance  as  to  justify  the  devotion  of  a  great  deal  of  time 
and  attention  on  the  part  of  hydraulic  engineers  and  others.  For 
his  own  part  the  present  writer  has  been  much  interested  in  deriving 
numerical  results  in  a  few  specific  cases  to  ascertain  the  degree  of 
approximation  attained  in  the  use  of  an  important  formula  of  the  paper ; 
viz:  equation  [7]  of  Par.  45.  The  laborious  processes  necessary  to  get 
anything  approaching  accurate  results  have  taken  so  much  of  the 

*  Professor  of  Applied  Mechanics  and  Hydraulics,  Cornell  University,  Ithaca, 

N.  Y. 
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writer's  time,  however,  that  be  is  obliged  to  limit  tbis  discussion  to  tbe 
consideration  of  tbe  single  relation  r^erred  to,  and  a  presentation  of 
tbe  numerical  results  obtained  from  various  data. 

2  Tbe  fundamental  relations  between  tbe  quantities  involved  in 
tbe  problem,  as  derived  from  tbe  principles  of  mecbanics,  will  first 
be  presented.  Fig.  A  sbows,  in  a  diagrammatic  way,  a  vertical 
section  of  tbe  long  pipe,  or  main  conduit  E  X,  and  standpipe  (or  ''surge 
tank")  F  W,  etc.,  of  a  water  power  plant.  As  to  notation,  let  L 
denote  tbe  lengtb,  D  tbe  diameter,  and  A  tbe  sectional  area  (i.e.,  A  = 
TcD*  /4),  of  tbe  main  conduit.  Tbe  sectional  area  of  tbe  standpipe 
is  A/R,  R  being  a  ratio.  For  simplicity  it  will  be  supposed  tbat 
tbe  motor  employed  is  an  impulse  wbeel  of  tbe  Pelton  t)rpe,  actuated 
by  a  "free  jet"  issuing  from  tbe  nozzle  at  r;  tbe  sectional  area  of  tbis 
jet  being  A^^  and  velocity  V".    Wben  normal  steady  flow  is  proceed- 


FiQ.  A    Section  of  Conduit  and  Stand  Pipe  of  Water  Power  Plant 

ing  and  tbe  water  in  tbe  standpipe  remains  at  rest,  its  level  stands 
at  F  X  and  B  F  is  tbe  bydraulic  gradient. 

3  Let  us  now  suppose  tbat  tbe  "load"  on  tbe  wbeel  is  suddenly 
reduced  below  normal  and  is  maintained  constant  at  tbis  lower  value 
for  an  indefinite  time;  and  tbat  tbe  governor  and  accessories  are  capa- 
ble of  maintaining  a  practically  constant  speed  of  wbeel  (equal  to 
original)  by  varying  tbe  section  of  tbe  jet,  including  a  practically 
instantaneous  cbange  at  tbe  very  outset.  An  unsteady  flow  now 
ensues  in  tbe  main  conduit,  witb  gradual  reduction  of  velocity  V  of 
tbe  water  in  it,  from  tbe  original  value  7^ ,  as  tbe  water  rises  in  tbe 
standpipe.  Tbe  velocity  V  of  tbe  water  at  m',  at  tbe  entrance  of 
tbe  sbort  pipe  m'r  (considered  to  have  the  same  sectional  area  at  m', 
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viz:  A,  as  the  long  conduit)  after  an  initial  sudden  diminution  from  its 
original  value  Vj  to  a  new  value  V\,  will  thereafter  as  the  water 
rises  in  the  stand  pipe  continue  to  diminish,  but  the  diminution  is 
gradual.  Finally,  when  the  rise  y  in  the  stand  pipe  has  reached  its 
maximum  value  y^,  V  and  V  will  have  diminished  to  a  common 
value  which  may  be  called  7,.  The  analysis  now  to  be  presented  will 
have  to  do  only  with  this  first  upward  movement  of  the  water  in  the  stand 
pipe,  in  the  attempt  to  determine  the  value  of  y^^  and  (incidentally) 
Vj.  The  following  six  equations  refer  to  any  instant  during  this 
unsteady  flow,  the  variables  being  V,  V ,  V,  y,  and  the  pressures  p^ 
and  PjQ  at  points  n  and  m.  Fig.  A  shows  the  meaning  of  the  symbols 
h^f  A',  h'^,  An,  and  p.  Time  is  denoted  by  t  (an  element  of  time  by  dt). 
4  Although  the  flow  is  now  unsteady,  position  n,  just  inside  the 
entrance  of  the  main  conduit,  is  so  close  to  the  rS^ervoir  that  no  sen- 
sible error  will  arise  in  using  Bernoulli's  Theorem  for  steady  flow 
between  surface  B  and  position  n;  whence 

where  ^,  is  the  "  coefficient  of  resistance"  for  the  entrance  of  conduit 

p^  is  atmospheric  pressure,  y  the  weight  of  a  cubic  foot  of  water,  and 

g  the  acceleration  of  gravity. 

6    The  inertia  of  the  water  in  the  long  conduit  EX  is,  of  course,  a 

very  important  element  to  bring  into  play.    The  net  accelerating 

force  acting  on  this  cylinder  of  water,  in  the  direction  of  its  length,  is 

f  jr  D  TjrV^ 
A  p^  —  A  p^  -\-  Al  X  sin  p  —  -  '  -  where  /  is  the  "co-efficient 

of  fluid  friction."    The  mass  accelerated  is  AL  x  -^  g  and  the  accelera- 

dV 
tion  is    i7.     Writing  accelerating  force  =  mass  X  acceleration^  dividing 

through  by  Af,  and  denoting  ^Tj^y  ^o>  ^®  ^^ 

Pn.P-^I'.^^e.T-  [51] 

•      r       r       g     dt 

6  When  the  surface  of  the  water  in  the  standpipe  or  surge  tank 
is  passing  a  position  ST^y  feet  above  the  original,  F  K,  the  pressure  at 
the  base  m  must  overcome  the  weight  of  the  column  of  height  A'  +  y, 
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as  also  the  atmospheric  pressure  p^  on  the  surface,  and  also  accelerate 
("overcome  the  inertia"  of)  the  mass  of  that  column  with  an  accelera- 

tion  -^:  and  this  leads  to  the  relation 

?E-?a^A'+2/  +  '^-^.   ?^-  [52] 

r       r  g        de 

7  The  pipe  mr  is  supposed  very  short  compared  with  the  main 
conduit,  and  the  flow  from  m'  to  r  may  hence  be  treated  as  a  steady 
flow,  justifying  Bernoulli's  Theorem;  whence  with  ^^  as  the  co-effi- 
cient of  resistance  for  that  pipe  and  nozzle,  we  have  (neglecting  V 
as  **  velocity  of  approach") 

^  ^h  +  h''  ^  (1  +  C)—  [53] 

r      r  ^9 

8  If  Q  cu.  ft./sec.  is  the  rate  of  flow  through  the  nozzle  at  r, 
Q  being  also  equal  to  A*  V^  «  47',  we  have,  for  the  rising  surge, 

A7  =  0  +  |f  [54] 

which  may  also  be  written 

.^^=^^'+IJ  t54a] 

9  These  are  the  fundamental  relations  needed  for  treating  the 
problem,  but  it  will  be  convenient  to  have  also  a  relation  holding  good 
for  the  original  steady  flow,  viz: 


A„  +  A.  =  *'  +P4ff-"  +  Co]v,^ 


[55] 


10  In  the  case  of  the  long  surge  now  under  consideration  the 
inertia  of  the  water  in  the  surge  tank  is  of  very  slight  consequence 
(as  the  writer  has  found  by  numerical  trial)  and  hence  in  using 
equation  [52]  the  term  containing  d^y/dt^  will  be  omitted. 

11  To  derive  a  relation  between  the  three  variables  only  y,  V,  and 

V,  we  combine  equations  [50]  and  [51]  to  get  an  expression  for  ^^  -  ^* 
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and  then  equate  it  to  the  right  hand  member  of  [52];  whence 

A'  +  l/-A„  +  A.-   [L+-^-  +  C.]7^-^f       [66] 

12  The  coefficient  (bracketed)  of  V^  is  practically  the  quantity  C 
used  by  Mr.  Johnson,  and  called  by  him  the  "friction  factor/'  and 
will  now  be  written  as  such.     Combining  [56]  and  [55]  gives 

,-C(y.'-n  =  -f  •^'-  [57] 

But,  from  [54a],  we  have 

dy  =>  R  (V  -  V)  dt  [58] 

and  by  multiplying  [57]  and  [58]  obtain 

[y-C  (7,^  -  n]  rfi/  =   -   ^  (7  -  70  dV  [59] 

9 

which,  in  general,  is  a  differential  equation  between  the  three  variables 
y,  7,  and  7'  (but  V  is  a  function  of  y,  due  to  the  action  of  the  gover- 
nor, as  will  be  seen). 

13  During  this  first  upward  surge  y  varies  from  zero  to  the  unknown 
y  max.  or  y^^  and  if  we  indicate  the  integration  of  the  various  terms 
in  equation  [59],  just  as  it  stands,  denoting  by  7,  the  unknown 
common  value  of  7  and  7'  at  the  end  of  this  surge,  we  obtain 


[60] 


14  From  the  point  of  view  of  exact  mathematics  equation  [60]  can- 
not be  completely  integrated  unless  7'  is  given  as  a  function  of  7,  and 
7  as  a  function  of  y.  Both  of  these  functions  are  unknown.  But  since 
7'  is  a  known  function  of  y  through  the  nature  of  the  regulating 
apparatus,  in  this  case  of  an  impulse  wheel,  approximate  methods 
are  available,  through  equation  [59],  for  finding  y^  with  sufficient 
accuracy  iov  practical  purposes. 
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15  Consider  next  the  variation  of  V  as  due  to  the  action  of  the 
governor,  in  this  specific  case  of  an  impulse  wheel  of  the  Pelton  type. 
Let  U  =  linear  velocity  of  rim  of  the  wheel  (cup  centers)  at  normal 
speed  of  wheel  during  the  original  steady  flow,  involving  a  definite 
value  P  (lb.)  of  the  tangential  '*  working  force"  acting  on  the  cups. 
When  the  load  on  the  wheel  is  diminished  suddenly,  the  action  of  the 
governor  will  (instantaneously,  say)  so  change  the  sectional  area  of 
the  jet  as  to  make  the  new  value,  Po,  of  this  working  force  smaller 
than  P  in  the  exact  ratio  of  the  reduction  of  load  (otherwise  the  wheel 
would  accelerate) ;  and  since  the  velocity  F"  of  the  jet  cannot  increase 
until  the  siu^ge  begins  to  rise,  this  means  that  the  rate  of  flow  Q  in 
the  jet  is  suddenly  made  to  take  a  value  Q^oxx,  ft./sec.  smaller  than 
the  original  rate,  and  in  proportion  to  the  reduction  of  load. 

16  From  the  mechanics  of  this  impulse  wheel,  with  e  as  its  eflS- 
ciency,  we  have  just  at  the  beginning  of  the  surge,  after  the  first 
quick  action  of  the  governor, 

P,  (lb.)  -  ^l3lJL  (7,^  -  U)  [61] 

9 

where  7%  =  velocity  of  the  jet  at  this  initial  instant. 

17  At  any  later  instant,  the  "load"  (at  its  reduced  value)  being 
supposed  to  remain  constant,  and  hence  P^  also,  we  have,  similarly, 

P^  =  ^19JL  (7-  -  U)  [62] 

containing  two  variables,  Q  and  V. 

18  Equating  [61]  and  [62], 

or,  since  Q  =  AV\  and  Q„  -  A  \\\ 

and  this  gives  7'  as  function  of  V.     Also,  from  [52]  and  [53]  we 
have  V^  as  function  of  t/,  viz: 

^"  '  |/l  +  ^'^  •  V2iW~^  h"  +  y]  [64] 

19  Equations  [63]  and  [64]  and  the  differential  equation  [59]  afford 
the  means  of  plotting  curves,  with  fairly  close  approximation,  showing 
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the  variation  of  V  with  y,  of  Y  with  y,  and  of  Y'  with  7;  and  thus  of 
determining  finally  the  value  of  y^  for  any  given  set  of  numerical  data; 
and  a  check  on  the  result  consists  in  the  application  of  equation  [60] 
after  the  curves  mentioned  have  been  drawn.  The  determination 
of  these  curves  involves  lengthy  arithmetical  and  graphic  operations. 
20  Mr.  Johnson  treats  equation  [60]  by  assuming  Y'  to  remain  con- 
stant (sufficiently  so),  presumably  at  the  value  assumed  by  it  at  the 
beginning  of  the  surge,  thus  making  Y'  =  Y^]  and  by  integrating 
the  last  term  in  an  approximate  manner,  which  perhaps  may  be  ex- 
pressed as  follows:    If  the  variable  C  (F^*  —  7')  be  denoted  byZ, 

Zdy.     When  y  is  small  Z  is  increasing 

slowly  and  dZ  is  less  than  dy;  but  later,  as  y  nears  its  maximum,  Z 
increases  more  rapidly  than  y,  or  dZ  >  di/,  so  that  an  approximate 
result  may  be  reached  by  putting  dZ  =  dy,  as  an  average,  throughout 
the  whole  summation;  i.  e., 


F "  I 


Zdy  =     I  ZrfZ   =  I' 


z,  -'z, 

IV, 
V, 

And  thus  we  are  led  to  Mr.  Johnson's  equation  [7],  viz.  (with  present 
notation) : 

yl^  ==^  (7,  -  V,y  +  C  (7,'  -  Y.^y  [7] 

9 

in  Par.  45  of  his  paper. 

21  The  writer  will  now  give  results  that  have  been  obtained  by 
him  in  several  numerical  cases,  beginning  with  those  in  which  the 
design,  while  mechanically  feasible,  would  be  quite  ''un-practical*' 
from  an  economical  standpoint.  It  is  thought,  however,  that  the 
consideration  of  one  or  two  cases  of  that  character  will  lead  to  interest- 
ing and  valuable  mathematical  indications.  The  units  foot  and 
second  will  be  used. 

22  Case  1,  Let  L  =  10  000  ft. andZ)  =  4ft.,  with  h'  ^-V^  80ft.; 
and  velocity  Y^  of  original  steady  flow  in  main  conduit  =  10  ft./sec. 
The  diameter  of  the  surge  tank  is  taken  as  12  ft.;  hence  R  =  1/9, 
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Let  the  conduit  be  of  riveted  steel  in  which  the  loss  of  head,  at 
10  ft. /sec,  is  as  high  as  11  ft.  per  1000  ft.  of  length  (authentic  in 


RL 


1.11. 


one  instance).    With  these  data  we  find  —  =  34.50  and  C 

9 
That  is,  in  the  original  steady  flow  the  velocity  is  Vj  =  10  ft./sec. 

in  the  main  conduit,  the  total  head  is  191  ft.  and  the  total  loss  of 

head  is  111  ft.    Let  the  velocity  at  m'  change  suddenly  from  10  to  8 

by  the  action  of  the  governor  and  let  it  be  supposed  in  this  present 

case  (1)  to  remain  constant  at  that  figure.    This  makes  V^  =  10, 

7,  =  8,  and  7'  =  7,  =  8,  constant. 

23    The  curve  for  7  as  obtained  by  the  writer  from  these  data  is 

shown  in  Fig.  1,  and  gives  by  its  intersection  with  the  horizontal 

through  the  value  8  of  the  vertical  scale  y^  «  39.7  ft.    By  measuring 


Diagram  Illustratinq  Values  of  V 


some  ten  values  of  7  on  this  curve,  properly  distributed  along  the  axis 
of  abscissse,  it  was  found  that  the  mean  V*  was  83.56.    In  equation 

we  now  put  V  -  constant  -  8,  7^  =.  10,  and  j     V^dy  -  83.56 1/^, 


[60] 

etc. ;  that  is, 


Vn 


-  -  34.50 


"[ 


[?'_-!?!.  8, 8 -,0,] 


1. 11     100!(„  -  83.66  s, 


■] 


^^f  y^m  "  36.60  yj^  =  138;  whence,  solving  the  quadratic,  y^^  =  39.95 
ft.|  a  fairly  close  check. 
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24  For  this  Case  1,  Mr.  Johnson's  formula  [7]  gives  41.6  ft.,  which 
is  seen  to  be  only  4  per  cent  in  excess  of  the  other  value  derived  by 
(fairly)  rigorous  methods. 

25  Case  S.  In  this,  and  in  the  remaining  cases,  V  is  to  be  vari- 
able, following  the  law  of  variation  necessitated  by  the  action  of  the 
governor  in  keeping  the  working  force  at  rim  of  wheel  constant 
at  reduced  load;  as  per  equations  [63]  and  [64]. 

26  Let  the  dimension  values  of  L,  2),  and  V  +  h",  be  as  before, 
viz:  10  000  ft.,  4  ft.,  and  80  ft.,  respectively;  but  for  greater  expedition 
in  numerical  work  C  is  now  taken  a  trifle  smaller,  viz:  =  1.00,  and 

RL 

—  =  30  (which  means  a  slightly  larger  tank  section).     The  tota 

g 

head  is  now  80  +  CV^^  =  180  ft.,  and  the  loss  of  head  =  100  ft. 
Take  Vj  =  10  for  original  steady  flow. 

27  Now  let  the  load  on  wheel  be  suddenly  reduced  by  20  per  cent 
and  hold  the  new  value.  The  velocity  V  will  suddenly  diminish  from 
10  to  8,  the  velocity  of  the  jet  being  then,  as  during  steady  flow,  of  a 
value  y^o  =  0.975  y^2g  X  80  =  70  ft.  /  sec,  and  the  (constant) 
velocity  of  the  wheel  cups  one-half  of  this  70,  or  17  =  35,  which  speed 
the  governor  will  maintain.  From  equation  [64]  we  have  for  any  sub- 
sequent instant  7"  =  0.976   ^2^  (80  +  i/),  while  equation  [63]  gives 

y,        (70  -  35)  X  8  2^ 

7^-35         ^  V  -  35 

28  A  curve  being  plotted  for  V  and  y  as  co5rdinates,  and  also 
(the  differential  equation  [59]  being  then  brought  into  play)  a  curve 
for  V  and  y,  the  intersection  of  these  two  curves  (see  Fig.  2)  gives 
y  max.  as  81.50  ft. ;  and  a  value  of  4.35  ft. /sec.  for  the  final,  common, 
value  of  V  and  V  at  the  end  of  the  surge.  This  4.36  is  the  7,  of 
equation  [60]. 

29  From  the  curve  for  V  and  t/,  63.40  is  obtained  as  the  mean  of 
all  values  of  7*  throughout  the  siu^ge,  with  y  as  independent  variable; 
while  from  the  curve  (now  easily  obtainable  but  not  shown  in  Fig. 
2)  of  V  and  7  the  mean  V  for  7  as  independent  variable  is  found 
to  be  6.36.  With  these  values  placed  in  equation  [60]  and  7^  —  10, 
etc.,  there  is  obtained 


|-3o[L< 


(5.35)  (  -  5.65) 


2. 
1.0[100i/„  -  63.40  2/ J 
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i-  e->  y^m  -  73.20  y^  =  618.84;  and  finally,  y^  -  80.85  ft.,  as 
against  81.50  first  obtained  from  the  drawing. 

30  If  in  applying  formula  [7]  to  this  case  we  write  7,-8,  the 
result  is  y,^  «  37.6  ft.  (54  per  cent  smaller  than  the  81.50);  but 
if  we  write  7,  =  4.35  (although,  as  regards  the  use  of  [7],  this  value 
would  be  unknown  in  advance),  y^  =  86.7  ft.  is  obtained,  which  is 
only  6  per  cent  in  excess  of  the  81.50. 

31  Case  S,  We  now  take  a  somewhat  more  practical  set  of  data, 
with  L  =-  5000  ft.,  2)  =«  4  ft.,  and  a  loss  of  head  (for  48-in.  riveted 
steel  pipe)  at  the  rate  of  8  ft.  per  1000  feet  of  length,  with  V^  —  10 
ft./sec.,  so  that  C  =  0.4.    Let  the  diameter  of  surge  pipe  be  16  ft. 

(nearly)  leading  to  the  value  of  10  for  — .    The  whole  head  is  120 

9 
ft.  up  and  the  total  loss  of  head  is  40  ft.  (which  is  still  a  large  proportion, 

being  one-third  of  total  head);  A'  4-  A"  =  80  ft.  and  V^    =-  10. 

32  As  before,  let  the  load  suddenly  diminish  by  20  per  cent,  and 
remain  constant  at  the  new  value  so  that  V  suddenly  changes  from 

10  to  8  (  =»  7'o)*  ^The  two  curves  needed  being  drawn  are  found 
to  intersect  (see  Fig.  3)  at  a  point  giving  24.60  ft.  for  y^^  and  6.23 
ft. /sec.  for  the  final  7,.  The  subsequent  use  of  equation  [60],  with 
74.52  as  the  mean  7*,  and  6.81  as  the  mean  V\  gives  a  value  of  y,^ 
—  24.41  ft.,  which  is  a  close  check  on  the  above. 

33  For  the  data  of  Case  3,  if  7,  is  considered  as  8  in  equation 
[7]  the  result  of  using  [7]  is  y^  =  1^-7  ft.  (about  36  per  cent  too 
small);  while  if  7,  be  taken  as  6.23  (unknown  beforehand,  of  course, 
in  the  use  of  equation  [7]),  a  value  of  27.2  ft.  is  found  for  i/„^  (about 

11  per  cent  greater  than  the  24.6  above). 

34  Case  4,  In  this  case  the  data  taken  approximate  to  those  of 
Mr.  Johnson's  numerical  example  in  Par.  84.  The  total  head  is 
225  ft.,  of  which  25  ft.  are  lost  in  friction  (here  only  one-ninth  of 
total  head),  leaving  A'  +  fc^  -  2OO  ft.  Length  L  =  5000  ft.,  2)  =  6  ft., 
that  is,  72-inch  riveted  steel  pipe,  in  which  the  loss  of  head  is 
taken  as  5  ft.  per  1000  ft.  of  length  when  the  velocity  is  10.    The 

RT 
diameter  of  surge  tank  is  taken  as  24  ft.  (nearly)  such  that  —  »  10; 

9 
while  with  V^  =  10  we  have  CV\  -  25  ft. ;  i.  e.,  C  -  0.25.  With  a  sud- 
den 20  per  cent  reduction  of  load  on  the  wheel,  we  have  V\  —  8  f  t./sec. ; 
the  load  to  .^remain  constant  at  the  reduced  amount.  The  curves 
found  for^7'  and  7  are  shown  in  Fig.  4.  The  7  curve  is  seen  to  be 
more  "  rounding"  than  in  the  other  cases  (and  it  should  be  said  that  in 
all  these  oases  this  curve  must  have  a  vertical  tangent  at  the  right- 
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hand  extremity,  since  at  that  point  the  value  of  dV-i-dy  from  equation 
[59]  must  be  infinite,  V—V  being  =  zero).  7,,  the  final  value  com- 
mon to  V  and  V\  is  found  to  be  7.56;  and  y^^^  =  11.56  ft.  With  the 
value  of  86.10  for  the  mean  V^  and  7.675  for  the  mean  V,  obtained 
from  the  proper  curves,  equation  [60],  after  solution  of  the  quadratic, 
gives  y^  =11.6  ft. 

35  On  substitution  in  equation  [7]  we  find  that  if  7,  is  considered 
to  be  8,  2/ni  =  11.0  ft.,  which  is  only  6  per  cent  less  than  11.6;  while 
if  V2  is  taken  to  be  7.56  (the  actual  final  value  of  both  V  and  V^) 
we  obtain  yj^  =  13.2  ft.  (some  14  per  cent  in  excess  of  the  11.6). 

36  On  reviewing  Cases  2,  3,  and  4,  it  is  seen  that  in  using  equa- 
tion [7]  if  we  regard  the  change  of  velocity  occurring  in  the  main 
conduit  during  this  first  upward  surge  to  be  in  proportion  to  the  reduc- 
tion of  load  on  the  wheel  (i.  e.,  putting  V,  =  8  each  time)  the  margin 
of  error  is  small  in  4,  which  is  the  most  practical  case;  and  very  con- 
siderable in  the  other  two,  especially  in  Case  2,  which  is,  however,  a 
decidedly  "un-practical"  case.  On  the  other  hand,  if  for  V,  in  [7] 
we  substitute  the  actual  final  value  of  7  in  main  conduit,  only  6  per 
cent  error  is  found  in  Case  2, 11  per  cent  in  3  (more  practical),  and  14 
per  cent  in  4  (most  practical).  It  need  hardly  be  said,  perhaps, 
that  equation  [7]  was  not  intended  to  apply  to  such  data  (with  rela- 
tively large  friction-heads)  as  are  found  in  Cases  1  and  2. 

37  The  writer  has  supposed-  a  single  Pelton  impulse  wheel  to  be 
in  use  in  each  of  these  numerical  illustrations;  not  because  that  type 
of  wheel  might  be  considered  advisable  for  heads  of  80  to  200  ft.,  but 
because  the  data  and  treatment  could  thereby  be  made  much  more 
specific,  as  regards  the  action  of  the  governor,  than  in  the  case  of  a 
turbine.  Of  course,  with  such  a  type  of  motoi  several  wheels  of  the 
same  radius  and  on  the  same  shaft,  or  a  few  wheels  with  many  nozzles, 
would  be  necessary  to  take  care  of  the  water  in  the  foregoing  instances. 
For  simplicity  the  writer  has  considered  only  one  wheel  and  one  nozzle, 
but  the  result  is  the  same. 

38  Perhaps  the  foregoing  numerical  resiJts  may  serve  as  rough 
guides  as  to  what  extreme  change  of  velocity  in  the  main  conduit 
might  advisably  be  assumed  in  using  equation  [7]  in  connection  with 
surge  tanks. 

The  Author  The  purpose  of  my  Uttle  monograph  on  Surge 
Tanks  was  to  awaken  some  much-needed  enthusiasm  on  the  subject, 
and  to  call  forth  discussion  and  adverse  criticism,  in  the  belief  that 
the  resulting  matter  when  coordinated  would  not  only  add  to  my  own 
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store  of  information,  but  present  a  collection  of  ideas  sufficiently 
varied  to  enable  any  interested  student,  to  separate  the  wheat  from 
the  chaff  and  arrive  at  a  correct  understanding  of  these  complicated 
phenomena.  The  outcome  thus  far  is  highly  gratifying,  but  still  a 
long  way  from  the  result  sought.  Mr.  Larner's  work  is  of  great 
practical  value  if  properly  interpreted. 

2  My  paper  was  prepared  at  very  short  notice  and  is  decidedly 
incomplete  when  considered  in  the  light  of  a  text-book,  and  deficient 
in  what  might  be  instructive  examples  as  to  the  Umitations  of  its 
equations.  After  perusal  of  the  work  of  my  critics,  I  want  to  say  at 
the  outset,  however,  that  I  find  absolutely  no  reason  for  altering  any 
of  my  equations,  unless  it  were  to  make  them  universally  exact,  a 
difficult  task  which  has  not  been  done  in  the  discussion,  as  I  shall 
proceed  to  show.  Equations  7  and  12  called  forth  the  most  com- 
ment, and  therefore  I  shall  devote  myself  to  a  short  general  discus- 
sion of  these  two  equations  in  the  light  of  criticism.  They  are  just 
what  they  purport  to  be,  nothing  more  nor  less,  and  their  accuracy 
according  to  the  preliminary  assumption  is  unquestionable.  Both  of 
them  assume  a  constant  draft  velocity  as  the  superior  limit  of  the 
integration,  and  hence  have  only  an  indirect  value  when  applied  to 
an  actual  case  where  the  draft  velocity  varies  (particularly  in  the 
simple  tank  regulation)  according  to  the  action  of  the  governor  in  its 
effort  to  maintain  constant  power.  I  described  this  effect  at  great 
length,  and  yet  the  language  of  my  critics  in  some  passages  would 
convey  the  impression  to  any  but  a  very  careful  reader,  that  I  had 
overlooked  this  point  and  attributed  to  my  equations  a  perfection 
entirely  imwarranted  by  facts. 

3  It  is  gratifying  to  note  the  close  agreement  between  Mr.  Harza's 
formula  and  the  preliminary  ones  in  my  paper,  and  it  is  to  be  hoped 
that  his  work  of  analyzing  and  checking  will  be  continued  to  include 
the  differential  principle,  and  the  use  of  compressed  air. 

4  I  have  not  given  the  attention  to  the  simple  stand  pipe  that 
Mr.  Harza  has,  because  I  have  always  regarded  the  mathematics 
relating  to  it  as  simply  a  step  toward  the  discovery  of  a  regulator 
which  would  meet  more  perfectly  the  requirements  of  practice.  Such 
a  regulator,  I  believe,  is  to  be  found  through  a  study  of  the  "  differ- 
ential principle,"  and  I  have  yet  to  be  convinced  that  the  regulator 
I  propose  is  not  far  better  than  the  simple  stand  pipe,  despite  Mr, 
Harza's  argument  somewhat  to  the  contrary.  His  reasoning,  in  the 
abstract,  I  beUeve  is  sound,  but  it  shows  a  possibility  of  modification 
after  more  detailed  study  of  the  question  with  the  essential  ajd  of 
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definite  dimensions,  which  may  be  found  by  tedioUs  processes  of 
arithmetical  integration.  The  tendency  to  produce  worse  regiilation 
conditions  by  the  introduction  of  a  resistance  between  surge  tank 
and  conduit  certainly  exists,  and  is  due  to  conditions  very  much  as 
stated  by  Mr.  Harza.  An  appreciably  bad  effect  upon  regiilation 
never  gets  to  the  point  of  appearing,  however,  because  lost  sight  of 
when  compared  with  the  manifest  advantages.  Mr.  Harza  shows  a 
realization  of  the  possibility  of  this  condition  in  Par.  47.  I  have  no 
doubt  that  further  study  of  the  question  on  his  part  will  largely  clear 
up  this  slight  difference  of  opinion. 

5  I  have  never  hit  upon  a  method  of  approximation  which  I 
regarded  as  accurate  enough  to  publish,  such  as  Mr.  Harza's  equa- 
tion (20),  and  was  compelled  to  leave  the  effect  of  the  governor's 
action  to  the  judgment  of  the  designer  in  selecting  his  value  of  F,  — 
V^.  Another  reason  for  not  giving  much  attention  to  the  gover- 
nor action  is  that  it  does  not  enter  into  the  problem  in  the  same 
way  when  the  differential  principle  is  used.  In  this  case,  it  is  neces- 
sary only  to  select  a  value  for  V,  in  excess  of  that  which  one  expects 
to  represent  the  maximum  load  change  for  a  constant  head,  as  pointed 
out  in  Par.  55. 

6  As  to  the  argument  (Par.  36)  against  catching  all  the  energized 
water,  I  should  like  to  point  out  two  things:  First,  it  does  not  appear 
clear  to  me  that  curtaiUng  the  upward  surge,  whose  maximum  occurs 
for  rejected  loads,  puts  any  limit  on  the  downward  surge,  whose 
maximum  occurs  for  demanded  loads,  except  where  a  super-added  or 
a  perpetual  wave  exists.  The  latter  condition  is  possible  where  the 
differential  action  is  omitted,  and  where  one  is  really  designing  for 
minimum  size  of  tank  consistent  with  regulation  requirements.  In 
that  case,  water  would  continue  to  spill  at  regularly  recurring  inter- 
vals all  day,  or  until  another  load  change  happened  to  occur  in  such 
a  way  as  to  fit  into  the  existing  wave  and  smother  it.  Mr.  Harza  had 
in  mind  the  "super-added*'  wave,  but  even  this  is  far  more  likely  to 
occur  when  the  differential  action  is  omitted.  It  was  probably  not 
intended  to  imply  the  possibility  of  such  an  obviously  poor  design 
when  arguing  its  advantage. 

7  Second,  the  saving  of  water  at  the  rare  intervals  of  "  full  load 
rejected"  is  not  of  much  consequence,  to  be  sure;  but  the  saving  of 
the  cost  of  construction  work  necessary  to  catch  and  lead  away  a 
possible  large  discharge  due  to  a  shut-down  is  of  such  importance  as 
to  weigh  decidedly  in  the  balance  against  the  additional  cost  of  surge 
t^nk  to  catch  and  hold  all  the  energized  water.     Allowing  the  water 
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to  spill  over  has  a  damping  eflfect  upon  surge  waves  for  rejected  loads, 
as  he  states,  but  this  can  be  accomplished  much  more  effectually  by 
means  of  the  differential  principle  without  waste  of  water  and  usually 
at  a  saving  in  cost  besides.  It  is  possible,  through  such  a  regulator, 
if  designed  especially  for  maximum  damping  effect,  to  make  the  surge 
wave  strictly  and  absolutely  dead  beat;  and  the  importance  of  a 
thorough  study  of  this  principle  cannot  be  overestimated. 

8  Referring  now  to  Mr.  Harza's  Par.  49,  I  want  to  say  in  justice 
to  Mr.  Warren's  valuable  paper  that  my  remarks  were  not  intended  to 
attain  the  dignity  of  a  criticism,  but  merely  as  introductory  to  a  line 
of  argument  which  seemed  to  be  new  to  him.  I  am  still  of  the  opinion 
that  a  properly  designed  regulator,  or  system  of  regulators,  is  actually 
"  a  complete  remedy  for  the  troubles  in  speed  regulation  caused  by  the 
excessive  inertia  of  a  water  column."  Mr.  Harza  means,  I  judge, 
that  the  siu*ge  tank  cannot  be  made  a  complete  remedy  for  variation 
in  head — but  it  is  obvious  that  a  moderate  amount  of  head  variation 
does  not  at  all  mean  "troubles  in  speed  regulation;"  for  otherwise, 
where  do  his  own  equations  lead?  His  criticism  of  my  work  is  very 
creditable  and  fair,  it  seems  to  me.  The  values  obtained  by  my 
Equation  7  are  not  as  close  to  the  truth,  in  the  instances  cited,  as 
those  obtained  by  his  Equation  20,  as  might  be  expected;  although,  as 
I  shall  show  later,  Equation  7  gives  closer  results  when  applied  to 
Professor  Church's  examples. 

9  These  problems  contain  an  inordinate  amount  of  friction, 
which  is  rarely  more  than  10  per  cent  for  a  correctly  designed  plant, 
and  often  as  low  as  5  per  cent. 

10  I  shall  adopt  Professor  Church's  nomenclature  for  this  little 
study,  with  the  addition  of  F,  which  he  does  not  use  but  which  1  need 
as  a  symbol  for  the  steady  velocity  under  the  new  load  after  all  vibra- 
tions have  ceased.  Let  H  be  the  whole  head;  then  from  the  principle 
of  constant  power  we  have,  neglecting  the  change  in  wheel  efficiency 

{H  --  CV,^  7o*  =  F.  H  -  C7/  (23) 

also  C  (Vi'  —  V/)  «  the  net  change  5n  gradient  or  the  difference  in 
head  before  and  after  the  surge,  whic  h  one  may  call  Jh. 

11  Now  a  very  little  thought  at  this  juncture  will  disclose  the 
fact  that  y^^^^  must  be  at  least  as  great,  in  all  cases,  as  Jh;  it  is  also 
nearly  as  plain,  I  think,  that  y^^^  is  always  greater  than  Jh;  how- 
ever, for  my  present  purpose,  I  an  content  to  stop  with  the  former 
statement  which  admits  of  no  argument,  for  I  propose  to  solve  for 
7,  in  each  of  Professor  Church's  three  cases,  and  to  show  that  Jh  is 
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greater  than  his  t/^j^  in  all  except  the  last  case.  This,  of  bourse,  leads 
to  but  one  conclusion,  which  is  that  his  values  are  too  small.  I  do  not 
doubt,  however,  that  they  are  as  accurate  as  one  could  figure  them 

TABLE  1 

V,  dh  F,  Vmax 

I 

Case  2 3.88 

Ca8e3 6.10 

Case  4 7.60 


by  the  methods  adopted  by  him,  and  they  are  undoubtedly  near  the 

truth,  but  not  quite  so  near  in  two  cases  as  could  have  been  obtained 

directly  by  this  equation  (23),  just  written.     Of  course,  this  equation 

c 
is  of  no  value  whatever  in  determining  y       except  where  ^  is  so 

very  large  that  t/ni«x  ^  ^^^  sensibly  larger  than  JA. 

12  By  trial  in  Equation  23,  the  following  values  are  found  for 
y,  and  Jh  for  the  three  cases  and  I  have  also  listed  for  comparison 
Professor  Church's  values  for  his  V,  and  t/mw 

Example  (case  2): 

H  -  CV,^  =  80  ' 

V\  =8 
H     =  180 
C     =  1.00 

640  =  180  7,  -  y,',  from  which  by  trial  V\  =  3.88 
Jh  =  (100  -  15.05)  =  84.95 

13  Let  us  now  list  the  values  for  t/^n^  as  obtained  from  my  Ek^ua- 
tion  7,  putting  F,  (known  before  hand)  as  the  superior  limit,  and  com- 
pare them  with  the  values  for  y^^^  obtained  from  Mr.  Harza's 
Equation  20,  putting  his  V,  =7,  above.  He  states  in  Par.  23  that 
the  upward  surge  is  always  less  than  the  value  given  by  his  Equation 
20.  Now  these  are  examples  of  upward  surge,  and  yet  it  is  seen  that 
Equation  20  gives  not  only  smaller  values  than  the  true  y^^^  but 
even  smaller  than  Jh,  which  is  itself  necessarily  at  least  a  little 
less  than  the  true  j/max  ^^  ^  cases.  It  is  abo  seen  that  Equation 
7  gives  far  closer  results  in  these  instances  than  the  more  exact  equa- 
tion of  Mr.  Harza's.  This  would  not  ordinarily  be  true,  however, 
in  a  practical  example. 


Digitized  by  VjOOQIC 


SURGE  TANK  IN    WATER   POWER   PLANTS 


499 


14  The  correct  values  for  y,^^  probably  lie  between  Columns  2 
and  3.  These  computations  are  all  made  on  an  8  in.  slide  rule,  but  are 
dresumably  otherwise  accurate.    The  comparison  is  not  made  for 

TABLE  2 


Equation 
»20 

Equation 
max. 

h 

'Professor 
1   Church 

"max 

Caae  2 

46.60 

16.00 

8.76 

01.4 
27.9 
13.0 

85.0 
25.0 
10.6 

1 

81  5 

CaseS 

1     24  6 

Case  4 

1     11  6 

I 

the  purpose  of  discrediting  Mr.  Harza's  Equation  20,  which  is  a 
valuable  one  when  judiciously  used,  just  as  my  own  are. 

16  One  always  knows  beforehand  the  values  of  V'^^^  and  7, 
(since  t/n^^x  ^  selected  to  be  the  result  of  the  design).  By  substituting 
each  in  turn  if  necessary  for  7„  one  can  usually,  in  a  ^practical  case, 
fix  the  true  value  of  the  surge  within  limits,  and  thus  be  sure  of  being 
at  least  safer  than  by  the  use  of  any  formula  that  purports  to  include 
all  the  variable  quantities  and  only  partially  does  so.  It  should  not 
usually  be  found  necessary  to  make  any  material  alteration  in  tank 
dimensions  after  checking  up  by  arithmetic  integration,  as  I  have 
repeatedly  proved.  Therefore,  for  my  own  use,  I  prefer  a  simple 
equation  like  7,  which  has  the  advantage  of  being  fairly  accurate  for 
what  it  purports  to  show,  to  a  more  exact  one  which  only  partially 
does  what  it  claims,  always  leaving  one  in  some  doubt  as  to  the  limits 
between  which  the  true  result  lies.  The  following  figures  will  assist 
in  making  a  little  more  careful  study  of  the  numerical  example  of  Par. 
87,  in  order  to  help  demonstrate  the  usefulness  of  Equation  7,  when 
applied  with  discretion. 

16    First,  let  us  solve  for  V\  and  V^]  we  have 
7^=  13 
V'^  =  15 

h  =  working  head  for  V^  or  V\ 
H  ^h^-CV^^  ^  216.9 
h  for  V'^^  -  190 
190  X  15  =  216.9  7,  -  T*ir  V^^ 

7,  =  14.55 
190  X  15  =  V\  X  200 

y\  -  14.25 ^         ^ 

^h  =  tV  (14.55   -  13)   =  4.25  <  y„„ 


Digitized  by  VjOOQIC 


500  SURGE  TANK  IN  WATER  POWER  PLANTS 

Equation  7,  with  F,  =  V^      gives  y^^^^  =  about  7.75 
Mr.  Harza's  20,  with  7,  =  F„      gives  y^^^  =  about  8.25 
Equation  7,  with  7,  =  V'^^,  gives  y„„  ±  about  10.00 

17  None  of  the  values  are  right,  but  Mr.  Harza's  value  is  without 
doubt  the  nearest,  though  presumably  small.  If  the  correct  value 
is  about  9,  then  it  is  apparent  that  a  tank  somewhat  smaller  than  34 
ft.  could  be  used,  and  therefore  my  numerical  comparison  between 
the  simple  tank  and  the  differential  is  rather  unfavorable  to  the  for- 
mer; just  how  much  I  cannot  say  without  more  work  than  is  possible 
within  the  time  at  present  available.  Pressure  of  time  made  it 
necessary  in  the  first  instance  to  close  my  paper  almost  before  I  had 
start^sd  any  numerical  illustrations,  and  thinking  these  power  com- 
putations for  different  heads,  elementary,  I  contented  myself  with  a 
hurried  illustration,  believing  that  any  one  who  went  into  the  sub- 
ject sufficiently  to  understand  it  would  have  no  difficulty  in  getting 
some  good  out  of  my  formulae;  for  the  others,  probably  no  amount  of 
explanation  would  have  sufficed,  and  the  explanation  might  have 
been  fully  as  misleading  to  them  as  the  work  I  did. 

18  The  value  of  22  is  very  sensitive  to  the  magnitude  of  7,  and 
an  absolute  computation  for  it  is  perhaps  impossible  by  any  reasonable 
process;  but  ^n^^  is  not  so  sensitive,  and  ymax  ^  really  what^one 
wants  to  foretell  within  reasonable  limits.  It  must  be  remembered 
also  that  7,  is  only  a  guess  in  the  first  place,  supposedly  of  sufficient 
size  as  compared  with  V^  to  represent  a  maximum  load  change. 
My  study  of  the  vagaries  of  Equation  7  have  not  been  extensive 
enough  to  warrant  my  writing  at  any  great  length.  My  belief  in  the 
superiority  of  the  differential  scheme  has  led  me  to  work  with  equa- 
tion 12  for  the  most  part,^much  to  the  neglect  of  Equation  7.  I 
believe,  however,  that  it  is  a  valuable  equation  for  use  in  connection 
with  Mr.  Harza's  Elquation  20,  and  probably  a  combination  cf  the 
two  can  be  worked  out  which  would  be  quite  accurate  for  all  practical 
cases. 

19^,^ An  important  point  in  favor  of  the  differential  form  of^regula- 
tor,  wWch  I  inadvertently  omitted  to  mention,  is  that  since  the  maxi- 
mum surge  is  less  than  in  the  simple  form  a  smaller  water  wheel  is 
required  to  pick  up  full  load  as  the  head  recedes;  this  works  two 
ways  to  advantage:  the  units  are  less  expensive  in  the  first  place, 
and  the  wheels  operate  continuously  at  larger  gateage  and  hence  at 
better  normal  or  average  efficiency. 

20    The  discussions  indicate  that  the  equations  of  the  paper  can- 
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not  be  satisfactorily  used  except  by  those  who  have  given  the  subject 
a  great  deal  of  study,  and  attention  should  be  called  to  one  or  two  vital 
facts.  The  symbol  Fj  in  the  foregoing  formulse  denotes  a  h3rpothet- 
ical  velocity  which  does  not  exist  in  practice,  although  it  is  very 
easily  conceivable  from  a  mathematical  standpoint.  The  equations 
from  necessity  are  worked  out  upon  the  assumption  that  while  the 
wheel  is  operating  steadily  under  a  conduit  velocity  of  Vj,  a  sudden 
demand  for  more  load  causes  the  draft  velocity  in  the  penstock  near 
the  wheel  to  change  instantly  to  7,  and  remain  at  that  value  indefi- 
nitely, or  until  steady  flow  at  this  new  rate  is  established.  The  action 
of  the  governor  and  the  variation  in  pressure  head  both  prevent  a 
realization  of  this  mathematical  ideal,  but  the  results  obtained  in 
this  way  are,  nevertheless,  very  satisfactory  if  one  makes  a  proper 
assumption,  governed  by  his  judgment  for  the  value  of  V^ 

21  If,  for  example,  one  substitutes  for  V,  the  maximum  value 
of  the  draft  velocity  under  the  depleted  head,  at  the  end  of  the  first 
quarter  cycle  of  the  pressure  wave  (as  in  Par.  55),.  the  resulting 
values  derived  from  Equation  12  will  be  very  accurate.  The  same 
treatment  with  Equation  7  will  give  values  always  on  the  safe  side, 
but  in  a  practical  ca^e,  not  far  from  the  truth.  In  other  words,  the 
tank  capacity  thus  figured  will  take  care  of  a  little  larger  load  change 
than  contemplated.  It  is  certainly  useless  to  attempt  further 
refinement  of  Equation  7  without  taking  into  consideration  the 
length  of  life  of  the  pressure  wave,  for,  in  many  seemingly  practical 
examples,  this  feature  may  completely  vitiate  the  efficacy  of  the 
simple  surge  tank,  and,  even  with  the  factor  of  safety  thus  some- 
what inadvertently  involved,  one  is  still  uncertain  of  the  outcome, 
unless  recourse  is  had  to  other  considerations.  It  is  the  opinion  of 
the  writer  that  the  differential  principle  ought  seldom  if  ever  to  be 
omitted,  in  which  case  Equation  7  is  not  needed  except  for  scouting 
purposes.  None  of  the  equations  are  recommended  for  handbook 
use. 

Additional  discussions  upon  this  paper  were  contributed  by  Mr.  Chester  W. 
Lamer,  Mr.  Morris  Knowles  and  the  author  and  published  in  The  Journal  for 
October,  1908,  January  and  June,  1909. — Editor. 
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REGULAR  MONTHLY  MEETINGS 

THE  OCTOBER  MEETING 

The  October  meeting  of  the  Society  was  in  charge  of  the  Gas  Power 
Section.  It  wap  held  in  the  Engineering  Societies  Building  on  Tues- 
day e\  ening,  October  13,  Dr.  C.  E.  Lucke,  Chairman  of  the  Section, 
presiding.  A  report  for  the  Membership  Committee  was  given  by  Mr. 
George  A.  Orrok,  showing  an  increase  of  123  in  the  membership  of  the 
Section  since  September  1. 

The  opening  discussion  wu<)  upon  the  communication  from  Mr. 
H.  L.  Doherty,  Chairman  of  the  Meetings  Committee  of  the  Section, 
published  in  the  October  ^number  of  the  Journal,  outlining  a  definite 
plan  of  action  for  the  Section.  Messrs.  Tait,  Rushmore,  Bump,  Wil- 
kinson, Dr.  Lucke  and  Professor  Reeve  participated  in  the  discussion. 
Suggestions  were  made  particularly  urging  that  information  upon 
the  reliability  of  gas  engine  installations  be  authentic :  to  the  e£Fect 
that  engineering  data  could  be  effectively  distributed  bp  the  adop- 
tion of  a  "Question  Box;'*  that  data  should  be  gathered  and  filed 
at  Society  headquarters;  and  that  questions  to  be  considered  by 
the  Section  should  include  those  involving  precise  knowledge  and 
investigation  as  well  as  constructive  and  operative  problems. 

The  Progress  Report  of  the  Committee  on  Standards,  published 
in  the  September  Journal,  was  discussed  at  length  by  Messrs. 
Lummis  and  Bibbins,  and  Professor  Reeve,  the  discussion  hinging 
mainly  on  gas  engine  eflSc«ency  and  heat  value  of  gas,  with  argu- 
ments for  the  use  of  total  heat  values  and  effective  heat  values. 

The  first  paper  of  the  evening  was  by  E.  A.  Harvey  on  Bitu- 
minous Producer  Plants,  and  gave  data  upon  the  cost  and  performance 
of  three  different  plants.  This  was  illustrated  by  lantern  sUdes  and 
discussed  by  Messrs.  Tait,  Parker  and  Bibbins.  A  paper,  The  Loss 
in  Fuel  Weight  in  a  Freshly  Charged  Producer,  by  N.  T.  Harrington, 
owing  to  the  lateness  of  the  hour,  was  not  discussed. 

THE  NOVEMB  .R  MEETING 

On  the  evening  of  November  10  a  paper  was  presented  b3rJM[r. 
Franklin  Phillips  of  Newark,  N.  J.,  upon  The  High  Powered 
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and  its  Ammunition.  Lantern  slides  showed  details  of  the  mech- 
anism of  modern  types  of  rifles  and  ammunition,  the  results  of  tar- 
get practice,  and  methods  followed  by  marksmen  in  shooting. 

Mr.  Fred  J.  Miller,  Vice-President,  presided.  In  introducing  the 
speaker  he  said  that  as  an  engineer  and  a  manufacturer  he  needed 
no  introduction,  but  that  many  might  not  know  that  he  was  an 
expert  in  rifle  practice  and  an  instructor  in  the  art  in  the  New 
Jersey  National  Guard. 

The  High- Powered  Rifle  and  its  Ammunition 

The  speaker  stated  that  the  present  high-powered  rifle  is  the  out- 
come of  the  invention  of  the  jacketed  bullet  by  Major  Rubin  of  Switz- 
erland in  1883-1886.  About  1890  the  Krag-Jorgenson  rifle  was  selected 
by  the  Ordnance  Board  for  the  United  States  Army,  which  marked 
the  beginning  of  the  use  of  high-powered  rifles  for  military  purposes 
in  this  country. 

This  rifle,  as  well  as  all  of  the  more  modern  rifles,  is  known  as  the 
bolt  gun.  The  breech  action  is  similar  in  its  movements  to  that 
of  the  common  door  bolt.  The  bolt  is  pushed  forward  in  a  line  parallel 
with  the  axis  of  the  bore  and  closed  by  giving  the  knob  at  one  side 
of  the  bolt  an  angular  movement  to  lock  it  in  position.  In  arms  of 
this  Idnd  the  act  of  unlocking  the  breech  block  cocks  the  firing  pin. 
The  barrel  of  the  Krag  rifle  is  30-caliber  in  its  smallest  diameter.  It 
has  four  grooves,  each  0.004  in.  deep,  and  the  width  of  the  land  is  i 
that  of  the  groove.    The  diameter  of  the  bore  is  0.308  in. 

With  the  introduction  of  a  higher  powered  rifle  came  possibilities 
for  a  revival  of  long  range  shooting,  which  had  been  a  lost  art  in 
this  country  since  the  time  of  the  famous  matches  at  Creedmoor,  and 
the  New  Jersey  Rifle  Association,  composed  of  members,  active  and 
retired,  of  the  National  Guard  of  several  states,  challenged  the  Ulster 
Rifle  Association  of  Ireland  to  a  long  range  match  for  the  historic 
Palma  trophy. 

This  match  was  stated  by  the  speaker  to  mark  the  beginning  of  the 
improvement  of  the  military  arm  and  its  ammunition  in  the  United 
States.  The  Americans  shot  the  match  with  rifles  made  for  them  by 
the  Remington  Arms  Co.,  and  the  Irish  team  used  the  Roumanian 
Mannlicher  arm  with  Austrian  ammunition.  At  the  same  time  the 
National  Rifle  Association  of  America  issued  a  challenge  for  the  Palma 
trophy  to  the  military  nations  of  the  world,  which  was  accepted  by 
a  team  from  Canada. 
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Both  the  visiting  teams  won  handsomely  over  their  American 
opponents. 

After  the  matches  the  Irish  team  allowed  two  American  experts, 
Mr.  William  Hayes  and  Dr.  Walter  G.  Hudson,  to  examine  their 
Mannlicher  rifles  and  ammunition.  The  bore  of  the  barrel  was  cali- 
brated by  pushing  through  it  a  lead  bullet  of  slightly  larger  diameter 
than  the  bore,  after  which  the  diameter  of  the  bullet  was  measured. 

The  ammunition  was  also  calibrated  and  found  to  be  almost  0.001 
in.  larger  than  the  caliber  of  the  gun  so  that  the  bullet  formed  a  gas- 
tight  piston  in  its  passage  through  the  barrel.  It  was  further  found 
that  the  gun  bands  which  secured  the  barrel  to  the  stock  contained 
a  lining  of  chamois  which  was  sufficiently  elastic  to  allow  the  barrel 
to  expand  when  heated  from  firing,  without  becoming  distorted. 

It  was  found  that  the  barrels  of  the  Krag  rifles  were  cramped  by 
having  the  bands  too  tight  and  that  the  ammunition  used  was  smaller 
than  the  normal  caliber  of  the  arm.  This  caused  the  bullet  to  act 
like  a  leaky  piston  and  the  powder  gases  under  the  enormous  pres- 
s\ire  of  36  000  lb.  per  sq.  in.  would  blow  past  the  bullet,  causing  irreg- 
ular results  in  shooting  and  tending  to  foul  the  barrel  with  a  deposit. 

It  was  further  found  that  in  long  range  shooting  the  bullet  upset 
in  its  flight,  making  an  aperture  in  the  target  suggestive  of  a  key- 
hole, which  gave  the  name  "key-hole  shot"  when  the  bullet  was 
fired  under  such  conditions.  There  were  three  ways  of  overcoming 
this.  One  was  to  increase  the  powder  charge  in  the  gun;  another 
to  decrease  the  length  of  the  bullet,  making  it  lighter;  and  the  third 
to  change  the  twist  of  the  rifling.  It  was  found  that  an  increase  of 
the  powder  charge  by  about  2^  to  2^  grains,  and  the  use  of  a  220- 
grain  bullet,  produced  the  best  results.  The  diameter  of  the  bullet 
was  also  increased  to  0.3085. 

After  these  changes  had  been  made  a  return  match  for  the  Palma 
trophy  was  shot  in  Canada  with  competing  teams  from  several  coun- 
tries. While  Great  Britain  won  the  match,  the  American  team  did 
very  much  better  than  before  and  the  performance  of  their  arms 
was  most  creditable. 

Many  years'  experience  has  led  ballistic  experts  to  believe  that  the 
danger  zone  of  an  arm  would  be  materially  increased  by  flattening 
the  trajectory,  and  the  invention  of  the  pointed  bullet  now  used  was 
a  marked  advance  in  this  direction.  The  1903  model  of  the  Spring- 
field rifle  and  the  1907  ammunition  are  late  developments  in  this 
direction.  A  feature  of  the  barrel  is  its  shortness,  so  that  the  gun 
can  be  used  by  all  branches  of  service,  including  the  cavalry.     A 
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muzzle  velocity  of  2700  ft.  per  sec.  is  obtained,  and  to  show  the  power 
of  penetration  the  speaker  mentioned  that  in  a  skirmish  by  the  Na- 
tional Guard  at  Somerville,  N.  J.,  a  bullet  fired  at  a  200-yd.  range 
passed  entirely  through  the  lower  flange  of  a  railroad  rail  which 
formed  the  coping  of  the  railroad  pit.  The  steel  was  at  least  |  in. 
thick  where  the  bullet  went  through,  making  a  clean,  round  hole 
without  any  ragged  edges.  This  t3rpe  of  rifle  is  a  modification  of 
the  Mannlicher,  which  has  some  points  of  superiority  over  the  Krag. 
The  speaker  said  this  rifle  was  the  best  constructed  piece  of  gun 
mechanism  ever  turned  out  in  quantity  by  any  armory.  It  has  a 
remarkable  record,  notably  in  the  longer  ranges,  very  much  less  eleva- 
tion being  required  on  account  of  the  quicker  flight  of  the  bullet  and 
its  pointed  shape.  Serious  diflSculties  have  been  experienced,  how- 
ever, from  the  fouling  of  the  barrel  occasioned  by  the  high  tempera- 
ture of  the  powder  gases. 

Mr.  Phillips  traced  the  development  of  gun  sights.  The  1884 
model  of  45-caliber  Springfield  rifle  had  a  fine  adjustable  sight,  but 
when  the  Krag  rifle  was  adopted  it  was  issued  with  the  plain  bar 
sight,  having  a  V  notch,  and  without  any  windage  gage.  This  was 
displaced  by  the  Phipps  sight  and  in  the  1903  model  by  the  Dixon 
sight;  and  this  in  turn  by  one  also  known  as  the  Phipps  sight,  which 
has  adjustments  enabling  much  better  marksmanship.  The  speaker 
described  a  sight  of  his  own  invention  in  which  the  zero  base  is  made 
movable  and  adjustable  so  that  the  arm  will  hit  an  objective  point 
when  on  its  zero  reading. 

DISCUSSION 

The  paper  was  discussed  by  Capt.  Kellogg  K.  V.  Casey  of  the  E.  I. 
Du  Pont  de  Nemours  Powder  Co.,  who  presented  some  data  upon 
ammunition.  He  said  that  the  utility  of  the  150-grain  bullet  used 
with  the  new  rifle  had  been  doubted,  owing  to  the  effect  of  the  wind 
upon  its  flight,  although  the  tables  of  the  Ordnance  Department  and 
of  rifle  manufacturers  were  to  the  effect  that  a  bullet  of  this  weight 
would  make  the  best  flight.  Efforts  have  been  made  to  determine 
whether  a  heavier  bullet  would  be  more  effective  and  he  had  found 
that  one  which  weighed  180  grains  would  be  the  largest  that  could  be 
used  without  projecting  into  the  powder  chamber.  Bullets  of  this 
weight  would  have  started  at  a  velocity  less  than  2700  ft.  per  sec, 
otherwise  there  might  be  too  great  an  increase  in  the  pressure  in  the 
rifle.     Formerly,  yi  hen  a  barrel  30  in.  long  was  used,  43  000  lb.  per  sq. 
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in.  was  considered  the  highest  allowable  pressure;  but  was  increased 
to  46  000  lb.  per  sq.  in.  when  the  shorter  barrel  was  introduced,  on 
account  of  the  loss  in  velocity  due  to  the  shorter  barrel.  To  secure  a 
velocity  of  100  ft.  with  a  180-grain  bullet  would  require  a  pressure  pf 
52  000  lb.  per  sq.  in. 

The  problem  was  to  get  a  charge  that  would  give  such  a  velocity 
that  with  the  180-grain  bidlet  there  would  be  the  same  angle  of  de- 
parture with  a  given  time  of  flight  as  with  the  150-grain  bullet  start- 
ing with  a  velocity  of  2700  ft.  In  a  series  of  tests  conducted  in  New 
Jersey  it  was  foimd  that  a  velocity  of  about  2500  ft.  would  give  the 
same  angle  of  departure  and  time  of  flight  in  a  thousand  yards  as 
2700  ft.  with  the  150-grain  bullet.  The  performance  with  a  heavier 
bullet  under  these  conditions  was  better  and  the  fire  more  accurate 
than  with  a  heavier  bullet.  The  future  use  of  a  heavier  bullet  was 
predicted.  The  speaker  did  not  attempt  to  explain  the  apparently 
contradictory  results  obtained  with  the  heavier  bullet  under  a  low 
initial  velocity. 

The  paper  was  also  discussed  by  Mr.  Frederick  A.  Waldron,  who 
stated  that  he  was  retained  by  the  Ross  Rifle  Co.,  of  Quebec,  Canada, 
which  manufactures  the  rifles  for  the  Canadian  government,  and  he 
gave  some  data  of  interest  regarding  this  arm.  It  has  a  muzzle 
velocity  of  3100  ft.  per  sec.  and  uses  powder  of  the  guncotton 
variety.  The  bullet  is  0.28  in.  in  diameter  and  weighs  from  140  to 
160  grains.J^The  trajectory j^at  800  yd.  is  5  ft.  4  in.,  and  the  temper- 
ature of  combustion  with  the  powder  used  is  so  low  that  there  is  no 
trouble  from  erosion. 
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LOSS  OF  FUEL  WEIGHT  IN  A  FRESHLY 
CHARGED  PRODUCER 

By  N.  T.  Harrinqton,  Lansing,  Mich. 
Member  of  the  Society 

The  object  of  the  test  was  to  determine  the  relation  between  the 
coal  fired  and  that  actually  consumed  during  the  first  few  hours  of 
operation,  after  completely  filling  the  producer  with  a  new  charge 
of  fresh  coal.  The  apparatus  used  was  a  suction  gas  producer,  and 
gas  engine,  arranged  as  shown  in  sectional  drawing  in  Fig.  1. 

2  The  generator  shell  was  mounted  on  platform  scales,  that  the 
loss  in  weight  due  to  combustion  might  be  read  directly.  Its  gas 
delivery  pipe  was  connected  to  the  scrubber  by  means  of  a  water 
seal  to  allow  free  movement  of  the  generator  with  the  platform  of 
the  scales.  All  connections  were  flexible.  A  prony  brake  was  used 
on  the  en^e  and  the  load  was  kept  as  constant  as  possible. 

3  The  coal  was  analyzed  from  the  pile,  and  from  samples  taken 
as  fired  during  the  actual  test.  The  ash  as  drawn  from  the  producer, 
and  the  salvage  as  returned  to  the  producer,  were  also  sampled  and 
analyzed.  The  gas  was  analyzed  every  hour.  The  final  charge 
withdrawn  from  the  producer  at  the  end  of  the  run  was  analyzed  to 
show  the  increase  in  the  amoimt  of  ash. 

4  The  test  was  started  by  weighing  the  producer  empty  and 
clean.  The  fire  was  then  started  and  the  producer  filled  with  fresh 
coal,  after  which  its  weight  was  again  taken.  After  blowing  hot 
with  compressed  air  to  obtain  good  gas,  the  fire  was  poked  enough 
to  ensure  a  compact  fuel  bed,  and  the  producer  again  filled.  The 
engine  was  then  started  and  the  weight  of  the  generator  taken  simul- 
taneously. 

5  Throughout  the  run  all  fresh  coal  added  to  the  producer  and 
the  ash  and  salvage  taken  from  the  producers  were  weighed  on  sep- 
arate scales.    The  fire  was  cleaned  and  the  producer  refilled  every 

Presented  before  the  Gas  Power  Section  at  the  Monthly  Meeting  (October  13, 
1908),  of  The  American  Society  of  Mechanical  Engineers. 
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Si  hours.    The  loss  in  weight  of  the  fuel  in  the  producer  and  the 
brake  load  on  the  engine  were  noted  every  15  minutes.     All  weigh- 


Fio.  1     Sectional  Drawing  of  Suction  Gab  Producer  and  Gab  Engine 

Shown  Below 

ings  of  producer  and  charge  were  so  made  and  calculated  that  the 
consumption  of  combustible  could  be  recorded  every  15  minutes, 


Fig.  2     Suction'Gas  Producer  and  Gas  Engine 

correction  being  made  for  the  ash  and  salvage  drawp  from  the  pro- 
ducer, and  the  salvage  returned  to  the  producer. 
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6  The  water  in  the  vaporizer,  and  the  water  in  the  seal  between 
the  generator  and  scrubber  were  kept  at  constant  levels. 

7  At  the  end  of  the  run  the  fire  was  cleaned  and  the  producer 
filled,  after  which  engine  and  producer  were  shut  down  and  the  final 
weight  of  producer  and  charge  taken  immediately.    The  entire  charge 
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with  the  exception  of  the  clinkers  sticking  to  the  walls  was  then  with- 
drawn from  the  producer  and  quenched,  and  the  producer  again 
weighed  to  determine  the  amoimt  of  clinker  sticking  to  the  walls.  The 
clinkers  were  then  removed,  pulverized,  and  mixed  with  the  rest  of 
the  charge  and  the  whole  sampled  and  analyzed.    By  this  means 
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Fig.  4    Record  of  Loss  of  Weight  of  Charge 

it  was  possible  to  strike  a  balance  between  what  was  put  into  the 
producer  and  what  was  taken  out. 

8  Fig.  3  shows  the  relation  between  the  combustible  burned 
during  the  nine  periods  of  the  test,  corresponding  to  the  nine  times 
the  fire  was  cleaned  and  producer  filled,  and  the  combustible  fired 
to  the  producers  during  the  same  periods.  Figures  for  combustible 
were  taken  to  include  moisture.    The  combustible  burned  was  deter- 
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mined  by  the  loss  in  weight  shown  by  the  scales  under  the  generator. 
The  combustible  fired  was  determined  by  deducting  the  ash  contents 
from  the  weight  of  coal  as  fired,  and  weighed  separately  on  small 
scales. 

9  While  these  two  curves  do  not  show  the  actual  amounts  of  coal 
fired  and  consumed,  it  may  be  assumed  that  the  ordinates  are  directly 
proportional. 

10  Fig.  4  shows  the  actual  loss  in  weight  of  the  charge  in  the 
producer  by  periods. 

11  Care  was  taken  that  the  fire  was  clean  and  without  cavities 
at  the  times  of  filling,  and  that  no  arches  or  stoppages  occurred  in  the 
fire  at  any  time  during  the  test.  At  the  end  of  the  run  the  fire  was 
poked  vigorously  from  the  top  to  determine  how  much  additional 
coal  could  be  jammed  into  the  producer.  Only  10  lb.  more  could  be 
added,  and  it  is  possible  that  this  slight  settling  of  the  coal  was  due  to 
a  portion  of  the  charge  being  forced  up  into  the  gas  ring. 

12  The  difference  of  40  lb.  between  the  weight  of  the  charge  at  the 
beginning  and  end  of  the  nm  is  to  be  attributed  to  the  burning  out 
of  the  carbon  and  volatiles  from  the  lumps  of  coal,  leaving  the  lamin- 
ated ash  structure  to  occupy  about  the  same  space  as  the  original 
lumps  of  coal  but  increasing  the  ash  contents  of  the  mass. 

13  For  a  short  run  with  a  fresh  fire,  it  would  seem  that  the  coal 
fired  to  the  producer  does  not  represent  the  actual  coal  consumed 
and  that  in  a  30-hr.  run  it  may  be  as  much  as  8  per  cent  too  low. 

Gbnbral  Data 

PBODUCBB 

Duration  of  test 32  hr. 

Diameter  (^  fuel  body    16  in. 

Area  of  section  of  fuel  body 1.396  eq.  ft 

Weight  of  generator  empty    3491  lb. 

KHoam 

Single  cylinder,  single  acting,  four  cycle 

Diameter  cylinder 7|  in. 

Stroke lOJ  in. 

R.p.m 380 

Average  b.h.p.  developed 12.6 
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Moisture 

Volatile  carbon. 
Fixed  carbon . . 
Aah 


COAL   ANALTSI8 

Percentage 

Percentage 

final  charge  drawn 

coal  as  fired 

from  producer 

ash 

2.58 

.10 

5.47 

2.72 

1.68 

74.09 

75.49 

28.42 

17.86 

21.79 

69.80 

BBSUIOB 


Weight  of  charge  in  producer 
at  the  time  of  starting  run, 
pounds 416 

Wdght  of  coal  added  during 
run,  pounds 506 

Total 922 


Error. 


1.9 


Loss  of  combustible  and  mois- 
ture by  weight  during  run, 
pounds 471 .  15 

Weight  of  ash  withdrawn 
during  run,  pounds 76.75 

Weight  of  final  charge  with-  • 

drawn  from  generator,  pounds  376 .  00 


Total,  pounds 923.9         Total,  pounds 923.90 

Weightof  charge  in  generator  at  beginning  of  run,  poimds 416 

Weight  of  final  charge  withdrawn  from  producer,  pounds 376 

Loss  in  weight  of  charge  due  to  fire  loading  up  with  ash,  pounds 40 
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THE  ANNUAL  MEETING 

PROGRAM 

OPENING  SESSION 

Tuesday,  December  1,  7.46  p.m.,  Auditorium 

THE  president's  ADDRESS 

The  Conservation  Idea  as  Appued  to  The  American  Society 
OF  Mechanical  Engineers,  M.  L.  Holman. 

CONFERRING   HONORARY  MEMBERSHIP 

Honorary  membership  in  the  Society  was  conferred  upon  Dr. 
John  A.  Brashear,  after  which  Dr.  Brashear  made  an  address  on  the 
Photography  of  the  Stars,  illustrated  by  beautiful  lantern  slides. 

PROFESSIONAL  SESSION 

Wednesday,  December  2, 9.S0  a.m.,  Auditorium 

Annual  business  meeting.  Reports  of  the  Council,  Tellers,  and 
Standing  and  Special  Committees. 

PAPERS 

The  Engineer  and  the  People,  Morris  Llewellyn  Cooke. 
Discussed  by, 

A.  C.  Humphreys,  Talcott  Williams,  Geo.  W.  Guthrie,  F.  W.  Taylor, 
Arthur  T.  Hadley,  F.  M.  Day,  H.  F.  J.  Porter,  A.  L.  Church,  A.  W.  Moseley, 
J.  M.  Dodge,  Ambrose  Swasey,  C.  W.  Hunt,  F.  R.  Hutton,  Oberlin 
Smith. 

The  Present  Status  op  Military  Aeronautics,  Major  Geo.  0. 
Squier,  Acting  Chief  Signal  OflBcer,  U.  S.  A. 
Discussed  by, 

W.  J.  Humphreys,  J.  A.  Brashear,  G.  L.  Fowler. 

'  This  was  the  first  presentation  of  the  subject  of  aeronautics  be- 
fore a  nationid  engineering  society  in  America.    By  reason  of  his  con- 
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nection  with  the  Signal  Service,  Major  Squier  has  had  an  opportunity 
to  observe  at  close  range  the  construction,  equipment  and  principles 
of  operation  of  heavier-than-air  machines  and  dirigible  balloons.  The 
material  upon  aviation  on  file  at  the  War  Department,  including  the 
data  sent  in  by  the  attach^  in  different  countries,  is  the  most  com- 
plete in  this  country,  and  was  at  the  disposal  of  Major  Squier  for 
the  preparation  of  his  paper. 
Limcheon  was  served  to  members  and  guests. 

PROFESSIONAL  SESSION 
Wednesday,  December  £,  2  p.m.,  AudiUnium 

STEAM  AND   POWER  PLANT  PAPERS 

A  Method  of  Obtaining  Ratios  of  Specific  Heat  of  Vapors, 
A.  R.  Dodge. 
Discussed  by, 

H.  N.  Davis,  S.  A.  Moss. 

The  Total  Heat  of  Saturated  Steam,  Dr.  Harvey  N.  Davis. 

Discussed  by, 

C.  H.  Peabody,  Wm.  D.jEimi8,[R.  CJH.  Heck,  L/S.[Marks,  I.  N.  HoUis,  C.  C. 
Thomas. 

Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant, 
C.  R.  Weymouth. 
Unnecessary  Losses  in  Firing  Fuel  Oil,  C.  R.  Weymouth. 

Discussed  by, 

Geo.  H.  Barms,  Wm.  Kent,  Wm.  D.  Emiis,  J.  R.  Bibbins,  I.  E.  Moultrop, 
A.  H.  Kruesi,  F.  W.  O'Neil. 

LECTURE 
Wednesday,  8.16  p.m.,  Auditorium 

Aeronautics,  Lieut.  Frank  P.  Lahm,  of  the  Signal  Corps,  U.  S.  A., 
a  member  of  the  Aeronautical  Board. 

This  was  an  illustrated  lecture  'of  [interest  to  every  member  as 
well  as  to  the  ladies.  Lieutenant  Lahm  has  for  many  years  experi- 
mented with  dirigible  balloons  for  war  purposes  and  has  participated 
in  several  international  balloon  races,  winning  the  James  Gordon 
Bennett  cup  in  1906.  He  has  taken  part  in  the  experiments  at  St. 
Louis,  and  has  made  ascensions  with  Orville  Wright  at  Fort  Myer,  Va. 
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PROFESSIONAL  SESSION 

Thursday,  December  S,  9.S0  a.m.,  Auditorium 

'  machine  shop  practice 

Efficiency  Tests  of  Milling  Machines  and  Milling  Cutters, 
•A.  L.  DeLeeuw. 
Discussed  by, 

F.  J.  Miller,  Wilfred  Lewis  and  W.  H.  Taylor,  F.  W.  Taylor,  H.  W.  Hibbard, 
J.  J.  Flather. 

The  Development  of  a  High  Speed  Milung  Cutter,  Wilfred 
liewis  and  W.  H.  Taylor.  # 

Discussed  by, 

Fred  J.  Miller,  Oberlin  Smith,  F.  W.  Taylor,  A.  L.  DeLeeuw,  A.  B.  Carhart, 
R.  T.  Stewart,  W.  J.  Burkitt. 

Metal  Cutting  Tools  Without  Clearance,  James  Hartness. 
Discussed  by, 

H.  H.  Suplee. 

Interchangeable  Involute  Gear  Tooth  Systems,  Ralph  E. 
Flanders. 
Discussed  by, 

Wilfred  Lewis,  L.  D.  Burlingame,  D.  F.  Nisbet,  Chas.  W.  Hunt,  Oberlin 
Smith,  W.  Rautenstrauch,  C.  H.  Logue,  E.  R.  Fellows,  Thos.  Fawcus, 

F.  de  R.  Funnan,  A.  L.  De  Leeuw. 

Spur  Gearing  on  Heavy  Railway  Motor  Equipments,  Norman 
Litchfield. 

Discussed  by, 

F.  V.  Henshaw,  John  Thomson,  J.  Eissiok,  Jr.,  Geo.  Wm.  Saigent,  F.  de  R. 
Funnan. 

Luncheon  was  served  to  members  and  guests. 

PROFESSIONAL  SESSION 

Thursday,  2  p.m.,  Auditorium 

MISCELLANEOUS   PAPERS 

Articulated  Compound  Locomotives,  C.  J.  Mellin. 

Discussed  by, 

S.  M.  Vauclain,  F.  J.  Cole,  Harrington  Emerson,  L.  R.  Pomeroy,  G.  C.  Fowler, 

G.  R.  Henderson,  Alfred  Lovell,  G.  H.  Emerson. 

Liquid  Tachometers,  Amasa  Trowbridge. 

Discussed  by, 

H.  H.  Waitt,  H.  G.  Reist,  W.  F.  Durand. 
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Training  Workmen,  H.  L.  Gantt. 

Discussed  by, 

A.  C.  Humphreys,  A.  V.  R.  Scheel,  Rudolf  Roesler,  T.  F.  Kelly,  C.  H. 
Buckley,  H.  K.  Hathaway,  Chas.  Piez,  C.  N.  Lauer,  Lewis  Sanders,  J. 
C.  Jurgensen,  Willis  E.  Hall,  Harrington  Emerson,  M.  P.  Higgins,  Wm. 
Kent,  J.  M.  Dodge. 

Salt  Manufacture,  George  B.  Willcox. 

Discussed  by, 

C.  F.  Hutchings. 

Industrial  Photography,  S.  Ashton  Hand. 
^Illustrated  by  Lantern  Slides) . 

Discussed  by, 

C.  J.  H.  Woodbury,  H.  B.  Bmsse,  Chas.  W.  Hunt,  H.  H.  Suplee,  Ambrose 
Swasey. 

Gas  Power  Section 

Thursday,  2  p.m.,  Sixth  Floor 

simultaneous  session 

Business  meeting  and  election  of  officers. 
Reminiscences  of  a  Gas  Engine  Designer,  L.  H.  Nash. 
Possibilities  of  the  Gasolene  Turbine,  Prof.  F.  C.  Wagner. 
Discussed  by, 

S.  A.  Moss,  C.  E.  Lucke. 

RECEPTION 

Thursday,  9  p.m. 

The  President  and  President-elect  received  the  members  and 
guests  in  the  rooms  of  the  Society.  Dancing  followed  the  recep- 
tion.   Supper  was  served  from  ten  until  twelve  o'clock. 

PROFESSIONAL  SESSION 

Friday,  December  4$  9.S0  a.m..  Auditorium 

experimental  data 

Physical  Properties  op  Carbonic  Acid  and  the  Conditions  op 
ITS  Economic  Storage  for  Transportation,  Prof.  R.  T.  Stewart. 

Discussed  by, 

J.  C.  Minor,  Jr.,  H.  E.  Sturcke,  Graham  Clarke,  L.  H.  ThuUen,  E.  D.  Meier, 
Sanford  A.  Moss,  Wm.  Kent. 
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The  Slipping  Point  of  Rolled  Boiler  Tube  Joints,  Prof.  0.  P. 
Hood  and  Prof.  G.  L.  Christensen. 
Discussed  by, 

J.  C.  Parkfer,  C.  H.  Benjamin,  E.  D.  Meier,  M.  W.  SewaU. 

Tests  on  Friction  Clutches  for  Power  Transbiission,  Prof. 
Richard  G.  Dukes. 

An  Averaging  Instrument  for  Polar  Diagrams,  Prof.  W.  F. 
Durand. 

COMMITTEES  OF  THE  ANNUAL  MEETING 
committee  on  meetings 

Charles  Whiting  Baker,  Chairman 
Willis  E.  Hall    William  H.  Brtan    L.  R.  Pombrot    Charles  E.  Lucke 


H.  F.  HOLLOWAY, 

L.  R.  Alberoer 
Reo.  R.  Bolton 
G.  H.  Barbour 
G.  M.  Basford 

C.  W.  E.  Clarke 
H.  R.  Cobij:iqh 
H.  V.  O.  CoEs 
James  V.  V.  Colwell 
M.  L.  Cooke 

W.  C.  Dickerman 

F.  E.  Eberhardt 
Arthur  Falkenau 
A.  M.  Feldman 

G.  J.  FORAN 

H.  A.  Foster 

D.  H.  GiLDERSLEEVE 

Willis  E.  Hall 
F.  a.  Halsey 

F.  A.  Hannah 

G.  R.  Henderson 

F.  V.  EbCNSHAW 

Charles  A.  Howard 


LOCAL  COMMITTEE 

Chairman  Calvin 

W.  D.  HoxiE 
f.  r.  hutton 
Alex.  C.  Humphreys 
P.  C.  Idell 
H.  S.  Isham 

D.  S.  Jacobus 
R.  F.  Jacobus 
W.  A.  Jordan 

E.  B.  Katte 
W.  J.  Kaup 
Wai/ter  C.  Kerr 
H.  A.  Lardner 
J.  W.  LiEB,  Jr. 
Fred  R.  Low 
Charles  E.  Lucke 
E.  W.  Marshall 
Fred  J.  Miller 

E.  P.  Mitchell 
Charles  A.  Moore 
William  Newell 
W.  W.  Nichols 
Geo.  a.  Orrok 

HOTEL  COMMITTEE 


W.  Rice,   Secretary 
H.  DE  B.  Parsons 
N.  B.  Payne 

L.  R.  POMBROY 

George  A.  Post 
Fred  E.  Rogers 
H.  W.  Rowley 
W.  N.  Sar  Vant 
F.  A.  Scheffler 
Jesse  M.  Smith 
J.  Beaumont  Spencer 
Albert  Spies 
A.  F.  Stillman 
F.  H.  Stillbian 
M.  A.  Stone,  Jr. 
H.  G.  Stott 
h.  h.  suplee 
Frank  H.  Taylor 
Edward  Van  Winkle 
F.  A.  Waldron 
W.  H.  Wiley 

A.  L.  WiLLISTON 

Ira  H.  Woolson 


D.  H.  GiLDERSLEEVE,  Chairman 


L.  r.  AliFORD 

Geo.  H.  Barbour 


H.  V.  O.  CoES 

F.H.  COLVIN 

R.  E.  Fox 


W.  P.  Pressinger 
Fred  A.  Scheffler 
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BUREAU  OF  INFORMATION 
Albbbt  Spies,  Chairman 

ASSIGNMENTS   AT  HEADQUARTERS  FOR  THE  RECEPTION  OF  MEMBERS 
Tuesday,  December  1 


Aptbrnoon,  1-6 

Evening,  7-10 

D.  H.  GiLDBRSLBBVB,  Chairman               H.  W.  Rowley,  Chairman 

H.  A.  Foster 

W.  C.  Kerr 

H.  S.  ISHAM 

W.  P.  Pressinger 

Fred  Rogers 

H.  H.  SUPLEB 

F.  A.  SCHBFPLBR 

I.  H.  WoOIiSON 

Wednesday,  December  2 

MoRNiNO,  9  30-12 

Afternoon,  1.30-6                Evening,  7.30-10 

C.  A.  Moore,  Chairman 

G.  M.  Basford,  Chairman      W.  W.  ^iCBOiafihairman 

A.  C.  Humphreys 

L.  R.  Albbrger                      F.  a.  Halbey 

F.  R.  HUTTON 

A.  Falkenau                          D.  S.  Jacobus 

H.  DE  B.  Parsons 

G.  J.  FORAN 

F.  H.  Taylor 

W.  D.  HoxiE 

W.  H.  Wiley 

HosEA  Webster 

Thxirsday,  December  3 


Morning,  9.30-12 
J.  W.  Ldsb  Jr.,  Chairman 
Col.  E.  D.  Meier 
Jesse  M.  Smith 


C.  W.  Aiken 
Edgar  H.  Berry 
Reginald  P.  Bolton 
C.  W.  E.  Clarke 

H.  R.  COBLETGF 
H.  V.  COES 

M.  L.  Cooke 

W.  C.  DiCKERBAAA 

W.  N.  Dickinson 
F.  E.  Ebbrhardt 


Afternoon,  1.30^ 
F.  J.  Miller,  Chairman 
N.  B.  Payne 
Albert  Spies 


Sub-Committeb  on  Reception 


Horatio  A.  Foster,  Chairman 


Fred  R.  Low,  Chairman 


A.  M.  FELDBiAN 

F.  A.  Hannah 
F.  V.  Henshaw 
Charles  A.  Howard 
P.  C.  Idell 
R.  F.  Jacobus 
W.  A.  Jordan 
W.  J.  Kaup 
E.  W.  Marshall 
William  Newell 

Friday,  December  4 

Morning,  9.30-12 
G.  R.  Henderson 


George  A.  Post 
Fred  E.  Rogers 
W.  N.  Sar  Vant 
J.  Beaumont  Spencer 
A.  F.  Stillman 
F.  H.  Stillman 
M.  A.  Stone,  Jr. 
Edward  Van  Winkle 
F.  A.  Waldron 

A.  L.  WlLUSTON 


E.  B.  Katie 
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C.  A.  Howard 
Albert  Spies 


PRINTING   COMBOTTBE 

H.  V.  Cobs,  Chairman 

Mason  A.  Stone,  Jr. 

J.  V.  V.  COLWBLL 
D.  H.  GiLDERSIiEBVE 


E.  B.  Kattb 

W.  H.  HULBERT 


EXCURSION  COMMITTEE 
James  V.  V.  Colwell,  Chairman 

B.  M.  Mitchell 


H.    W.    Rowley 
F.  L.  DuBosQUE 


ladies'  RECEPTION  COMMITTEE 

Mrs.  Jesse  M.  Sbuth,  Chairman 
Miss  S.  Edna  Johnston,  Associate  Editor  Am.  Soc.  M.  E.,  Secretary 


Mrs.  H.  C.  Abell 
Mrs.  Charles  W.  Baker 
Mrs.  G.  H.  Barbour 
Mrs*,  a.  R.  Batlis 
Mrs.  E.  H.  Berrt 
Mrs.  Edward  Ciordi 
Mrs.  J.  Van  V.  Colwell 
Mrs.  H.  E.  Cook 
Mrs.  G.  K.  Fowler 
Mrs.  D.  H.  Gildersleeve 
Mrs.  F.  a.  Hall 


Mrs.  H.  F.  Hollow  ay 
Mrs.  G.  S.  Humphrey 
Mrs.  C.  W.  Hunt 
Mrs.  F.  R.  Hutton 
Mrs.  J.  E.  Jones 
Mrs.  J.  A.  Kinkbad 
Mrs.  G.  L.  Knight 
Mrs.  J.  W.  LiBB,  Jr. 
Mrs.  Fred  R.  Low 
The  Misses  Meier 
Mrs.  C.  W.  Obert 
Mrs.  G.  a.  Orrok 


Mrs.  Eugene  Price 
Mrs.  Calvin  W.  Rice 
Mrs.  E.  M.  Sanderson 
Mrs.  J.  P.  Sneddon 
Mrs.  Stevenson  Taylor 
Mrs.  H.  G.  Torrey 
Mrs.  S.  E.  Whttakbr 
Dr.  Lucy  O.  Wight 
Mrs.  a.  L.  Wiluston 
Mrs.  T.  E.  Wilson 
Mrs.  Ira  II.  Woolson 


ACCOUNT  OF  THE  ANNUAL  MEETING 

The  twenty-ninth  annual  meeting  of  The  American  Society  of 
Mechanical  Engineers  was  held  in  the  Engineering  Societies  Building 
December  1-4,  with  an  attendance  of  738  members,  the  largest 
in  the  history  of  the  Society,  and  a  total  registration  of  1048. 
This  total  is  not  as  high  as  that  of  a  year  ago,  but  it  actually 
represents  a  larger  attendance,  since  this  year  only  those  were  regis- 
tered as  guests  who  were  to  participate  in  the  social  functions. 

The  meeting  was  noteworthy  in  several  particulars.  There  were 
six  professional  sessions,  one  more  than  at  any  previous  conven- 
tion. One  of  these  was  a  machine  shop  session  which  led  to  the 
first  steps  being  taken  toward  the  formation  of  a  machine  shop 
section.    The  subject  of  aeronautics  was  considered  for  the  first 
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time  in  America  by  a  national  engineering  society.  On  Tuesday 
evening,  besides  the  President's  address,  was  the  conferring  of  honorary 
membership  upon  Dr.  John  A.  Brashear,  followed  by  his  delightful 
lecture  upon  A  Journey  among  the  Stars.  On  Wednesday  evening 
was  the  intensely  interesting  lecture  by  Lieut.  Frank  P.  Lahm  on 
The  Conquest  of  the  Air. 

OPENING  SESSION,  TUESDAY  EVENING 

The  opening  session  of  the  convention  is  always  an  anticipated 
occasion.  It  is  the  social  event  where  members  first  greet  one  another 
and  is,  moreover,  the  time  for  the  delivery  of  the  annual  address  of 
the  President. 

The  session  was  called  together  by  President  M.  L.  Holman,  who 
proceeded  at  once  with  his  address.  In  view  of  the  activity  of  the 
Society  in.  the  conservation  movement  and  the  participation  by 
President  Holman  in  the  Governors'  meeting  at  Washington,  his  sub- 
ject was  very  properly  The  Conservation  Idea  as  Applied  to  The 
American  Society  of  Mechanical  Engineers.  The  address  is  printed 
in  full  in  this  volume. 

Following  the  address,  Mr.  W.  R.  Warner,  Chairman  of  the  Com- 
mittee appointed  for  the  purpose,  presented  Dr.  John  A.  Brashear 
for  honorary  membership,  saying: 

It  is  my  privil^e  to  present  John  Alfred  Brashear,  Sc.D.,  LL.D.,  F.R.A.S., 
Member  of  the  Astronomical  Societies  of  Great  Britain,  France  and  Belgium  and 
of  the  American  Philosophical  Society;  Past  Chancellor  of  the  University  of  West- 
em  Pennsylvania;  Organizer  of  Carnegie  Institute;  Collaborator  with  Langley 
in  devising  and  making  the  bolometer  for  measuring  heat  to  l/lOO  000  of  a  degree; 
Co-worker  with  Morley  and  Michadson  in  constructing  the  interferometer  which 
established  wave  lengths  of  light  as  the  unit  of  linear  measure;  Maker  of  astro- 
nomical instrimients  of  unequaled  delicacy  and  precision,  the  spectroscope 
whereby  Keeler  discovered  the  constitution  of  Saturn's  rings  and  Campbell  the 
motion  of  the  stars  in  the  line  of  sight,  and  the  spectroheliograph  with  which 
Hale  has  determined  the  constitution  of  the  sim  and  analyzed  its  elements;  Phy- 
sicist, Astronomer,  Educator,  whose  contributions  to  science  and  technical  learn- 
ing are  surpassed  in  value  only  by  his  personal  worth  and  greatness  of  soul,  which 
have  endeared  him  to  all  who  know  him. 

Dr.  Brashear  is  thus  formally  presented  in  order  that  he  may  receive  from  you 
the  certificate  of  honorary  membership  in  The  American  Society  of  Mechanical 
Engineers. 

The  President  then  replied: 

John  Alfred  Brashear,  Eminent  Engineer,  Scientist,  Astronomer,  Educator, 
and  Craftsman,  the  Society  is  proud  to  honor  you  with  the  distinction  I  am 
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now  to  confer.  The  mechanical  engineering  profession  recognizes  your  achieve- 
ments in  the  production  of  parts  of  optical  apparatus  whose  mechanical  per- 
fection has  never  been  approached,  and  which  it  will  be  difficult  to  surpass. 
For  these  reasons,  by  the  authority  conferred  upon  me,  I  now  advise  you  that 
you  have  been  elected  to  Honorary  Membership  in  The  American  Society  of 
Mechanical  Engineers,  and  to  all  the  rights  and  privileges  attaching  to  this 
distinction. 

In  Witness  Whereof,  will  you  accept  at  our  hands  the  diploma  of  such  member- 
ship. 

Dr.  Brashear  had  been  invited  to  address  the  Society  on  A  Journey 
Among  the  Stars,  and  his  lecture  followed.  By  way  of  introduction 
he  said  that  no  honor  which  had  been  conferred  upon  him  came  so 
close  as  that  just  given — an  honor  by  men  who  know  the  worth  of 
real  work.  There  is  something  that  draws  men  to  one  another  which 
is  elevating  and  ennobling  to  the  man  who  loves  his  work  for  its  own 
sake.  He  said,  ''There  is  a  beautiful  adage  that  I  learned  long  ago. 
It  goes  this  way:  'What  man  is  there,  who,  coming  in  contact  with 
great  souls,  is  not  made  happier  and  better  thereby?  A  drop  of 
water  on  the  leaf  of  a  lotus  glitters  with  the  luster  of  a  pearl/  And 
so  our  deeds  may  be  small,  if  they  are  only  done  in  the  right  spirit. " 

The  speaker  then  took  his  audience  on  a  journey  made  possible 
only  by  the  wonderful  developments  of  stellar  photography,  since 
the  camera  alone  can  penetrate  the  universe  and  the  infinite  spaces 
beyond.  The  photographs  which  Dr.  Brashear  displayed  were 
as  wonderful  as  those  shown  by  him  at  Detroit  at  the  time  of  the 
Spring  Meeting.  Striking  features  of  the  lecture  were  the  illustra- 
tions used  to  indicate  the  magnitude  of  the  heavens  and  to  show  how 
the  movement  of  stars  is  determined  by  means  of  the  spectrum. 

BUSINESS    MEBTING 

On  Wednesday  morning  was  the  annual  business  meeting  and  the 
first  professional  session.  President  Holman  called  the  meeting  to 
order  and  reminded  those  present  that  in  view  of  the  large  number 
of  papers  to  be  presented  at  the  various  sessions,  it  might  be  neces- 
sary for  the^Chair  to  limit  discussions  upon  papers  to  the  time  speci- 
fied by  the  rules.  He  suggested,  however,  that  as  there  were  eight 
auditoriums  in  the  building,  it  would  be  possible  to  hold  simultaneous 
meetings  if  any  considerable  number  of  members  desired  to  continue 
the  discussion  upon  a  given  topic  beyond  the  time  allotted.  This 
plan  was  actually  carried  out  in  order  to  extend  the  discussion  upon 
the  papers  given  on  the  following  morning  upon  machine  shop  sub- 
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jects.  On  the  afternoon  of  that  day  there  were  three  sessions  in 
progress  at  one  time. 

The  first  order  of  business  was  the  reading  of  the  report  of  the 
Tellers  of  Election.  There  were  168  applicants  for  membership 
and  22  for  advance  in  grade.  These  having  been  duly  balloted  were 
declared  elected  and  the  names  are  published  in  the  Appendix 
to  the  Annual  Report  of  the  Council  and  Committees  in  this  volume. 

The  following  officers  were  declared  elected  for  the  succeeding 
year:  President,  Jesse  M.  Smith;  Vice-Presidents,  Geo.  M.  Bond, 
Prof.  R.  C.  Carpenter,  F.  M.  Whyte;  Managers,  H.  L.  Gantt, 
Will  J.  Sando,  I.  E.  Moultrop;  Treasurer,  Maj.  Win.  H. 
Wiley. 

The  newly  elected  President,  Jesse  M.  Smith,  was  then  escorted 
to  the  Chair  and  spoke  briefly  as  follows: 

The  honor  whidi  you  have  conferred  upon  me  I  sinoerely  appreciate.  I  reoQg- 
niae  also  the  great  responcdbility  that  comes  with  the  honor.  The  influence  of 
the  Sodety  in  the  advancement  of  engineering,  must  not  only  be  maintained,  but 
greatly  Qztended.  It  will  be  my  endeavor  to  conserve  the  best  traditions  of  the 
Society  and  to  aid  in  its  taking  a  position  still  further  forward. 

Were  I  to  follow  precedent  I  would  say  no  more  at  this  time;  but  there  is  a 
subject  which  seems  to  me  of  great  importance  to  the  future  of  the  Society,  which 
I  would  Uke  briefly  to  call  to  your  attention. 

The  prominent  new  feature  of  the  constitution,  under  whidi  the  Society  has  been 
operating  for  five  years,  is  the  formation  of  standing  committees  to  foster,  oiganixe 
and^direet  its  various  activities.  Each  of  these  seven  committees  is  composed 
of  five  members.  One  member  retires  at  the  end  of  eadi  year  and  a  new  member 
is  appointed  by  the  President.  Thus  the  committees,  while  permanent  as  organ- 
iaations,  are  being  constantly  and  automatically  renewed  as  to  personnel. 

The  Seoretaiy  of  the  Society  is  the  secretary  to  the  Council  and  also  the  sec- 
retary to  each  of  the  standing  committees.  Thus  the  monberahip,  the  Councfl, 
and  the  various  committees  are  properiy  coordinated  to  work  together  in  harmony 
for  the  advancement  of  the  Society;  eadi  committee  taking  diarge  of,  and  being 
responsible  for,  the  particular  work  assigned  to  it  by  the  Constitution.  The 
function  of  each  standing  committee  is  to  initiate,  promote  and  oiganise  the  work 
given  to  it  by  the  Constitution  and  By-Laws,  subject  to  the  approval  of  the  Council. 

It  is  evident  that  when  all  the  committees  are  in  full  operation,  the  Secretary 
as  the  executive  officer  will  be  fully  occupied  in  carrying  out  the  various  activities 
initiated  and  oiganiaed  by  these  various  standing  committees.  The  Secretary 
should  not  le  called  upon  to  do  work  which  properly  bebngstothe  committees, 
however  willing  he  may  be  to  do  so. 

The  orderly  and  systematic  work  of  the  Secretary  is  of  the  greatest  importance. 
Through  the  good  work  of  his  office,  the  membership,  scattered  over  the  world, 
receives  prompt,  accurate  and  full  information  of  what  the  Society  is  doing  for 
the  advancement  of  engineering. 

Great  and  important  and  good  as  may  be  the  work  of  the  Secretary,  there  is  a 
greater  and  different  work  to  be  done  by  the  standing  committees;  and  it  is  their 
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aetiye  work  which  will  inspire  greater  activity  among  the  membership  of  the 
Society. 

These  committees,  when  fully  organised,  will  contain  35  men  who  sho\ild  be . 
•elected  from  the  membership  because  of  their  peculiar  qualifications  and  fitness 
to  do  the  special  work  required.  They  must  be  men  who  are  able  and  willing  to 
devote  the  necessary  time  to  the  work.  These  35  men  are  officially  called  to 
places  of  honor.  They  should,  and  undoubtedly  will,  respond  to  the  call  with 
ardor,  and  with  the  determination  to  ''set  the  pace"  for  the  membership  at  large 
in  the  march  forward.  The  success  and  influence  of  the  Society  should  be  in 
direct  proportion  to  the  nim:iber  of  men  who  are  active  in  its  welfare. 
*  Ihe  good  work  of  the  standing  committees  is  already  well  commenced,  but  it 
diould  be  extended  and  expanded,  and  improved  with  the  experience  of  years 
and  by  the  infusion  of  new  and  young  blood  imtil  eadi  committee  accomplishes 
its  full  function. 

The  best  work  done  in  the  Society  has  been  done  by  men  inspired  with  love  for 
the  profession  of  engineering.  Love  for  the  profession  does  not  die.  There  are 
no^,  and  always  will  be  in  this  Society,  men  who  are  thus  inspired.  Let  them 
come  forward  and  take  up  the  work  before  them,  or  if  they  be  diffident,  let  us 
seek  them  out  and  bring  them  forward. 

Let  the  members  of  the  committees  bring  their  work  up  to  such  a  high  degree 
of  excellence  and  efficiency,  that  a  position  on  a  standing  committee  of  The  Amer- 
ican Society  of  Mechanical  Engineers  will  be  an  h<Hior  whidi  a  rising  engineer, 
who  loves  his  profession,  will  wish  to  attain. 

FIRST  PROFESSIONAL  PAPERS 

After  the  remarks  by  the  President-elect,  came  the  two  professional 
papers  of  the  morning,  the  first  one  being  The  Engineer  and  the 
People — a  Plan  for  a  Larger  Measure  of  Cooperation  between  the 
Society  and  the  General  Public,  by  Morris  Llewellyn  Cooke,  Phila- 
delphia, Pa.,  published  in  this  volume.  This  paper  advocates  a 
more  direct  interest  by  engineers  in  affairs  affecting  the  public  and 
a  greater  effort  to  enlighten  the  public  as  to  the  advantages  and 
achievements  of  engineering.  A  corresponding  change  is  already 
in  progress  in  other  professions  which  the  engineering  profession 
may  well  emulate.  The  author  asked  for  the  appointment  of  a 
standing  committee  to  be  known  as  the  Committee  on  Relations 
with  the  Public. 

This  paper  was  largely  discussed  both  by  members  of  the  Society 
and  by  prominent  men  identified  with  other  lines  of  activity. 

Mr.  Ambrose  Swasey  offered  the  following  resolution,  which  was 
seconded  by  Mr.  Fred.  W.  Taylor: 

Resolved:  That  we  recommend  to  the  Council  the  appointment  of  a  pro- 
fessional committee  to  advocate,  consider  and  report  on  the  methods  whereby 
the  Society  may  more  directly  cooperate  with  the  public  on  engiueerini^  n^atter^ 
and  on  the  general  policy  which  should  control  such  cooperation. 
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The  resolution  was  unanimously  carried. 

Prof.  F.  R.  Hutton  stated,  in  connection  with  the  recommendar 
*  tion  of  Mr.  Cooke,  that  a  Committee  on  Relations  with  the  Public 
should  be  created,  that  this  would  require  an  amendment  to  the 
Constitution.  [He  therefore  gave  notice,  in  accordance  with  the 
provision  of  the  Constitution,  of  the  purpose  to  make  such  an 
amendment  to  Article  C45  at  the  Spring  meeting,  at  which  such 
amendment  can  come  up  for  discussion. 

The  second  paper  of  the  morning  was  by  Major  Geo.  O.  Squier 
of  the  Signal  Corps,  U.  S.  A.,  on  The  Present  Status  of  Militar}'^  Aero- 
nautics. This  paper  with  its  illustrations  was  published  in  full  in  the 
December  number  of  The  Journal  and  is  a  remarkably  complete  state- 
ment of  the  development  of  the  leading  types  of  air  craft.  It  deals 
to  a  certain  extent  with  the  problems  of  design  and  gives  dimensions 
of  different  dirigible  balloons  and  aeroplanes,  besides  data  upon  the 
construction  of  these  types  of  machines. 

WEDNESDAY    AFTERNOON    SESSION 

The  meeting  was  called  to  order  by  President  Holman  who  requested 
Mr.  Geo.  R.  Stetson  to  preside. 

The  first  paper  was  upon  A  Method  of  Obtaining  Ratios  of  Specific 
Heat  of  Vapors,  by  Mr.  A.  R.  Dodge  of  Schenectady,  N.  Y.  This  out- 
lines a  method  of  obtaining  the  ratio  of  specific  heat  which  does  not 
involve  the  use  of  available  steam  tables  nor  a  condition  in  which 
the  steam  is  presumed  to  be  without  moisture  or  superheat.  Tables 
of  data  are  included.  The  paper  was  discussed  by  Dr.  Harvey  N. 
Davis,  who  had  had  an  opportunity  to  go  over  the  data  previous 
to  the  presentation  of  the  paper  in  connection  with  some  of  his  own 
work  and  believed  the  method  of  using  the  throttling  calorimeter 
which  Mr.  Dodge  had  devised  was  a  great  advantage  in  technique 
in  the  measuring  of  superheat. 

The  next  paper  was  by  Dr.  Harvey  N.  Davis,  Cambridge,  Mass., 
upon  The  Total  Heat  of  Saturated  Steam.  It  has,  for  some  time, 
been  thought  that  Regnault's  formula  for  the  total  heat  of  saturated 
steam  is  considerably  in  error.  This  conclusion  is  confirmed  by 
computing  the  value  from  the  results  of  various  experimenters 
upon  the  specific  heat  of  superheated  steam.  From  their  work  Dr. 
Davis  has  deduced  a  formula  which  is  believed  to  give  much  more 
accurate  results. 

Following  these  papers  upon  what  may  properly  be  classed  as 
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eagineering  physics  dealing  with  the  refinements  of  engineering, 
were  two  papers  by  Mr.  C.  R.  Weymouth  of  San  Francisco,  Cal., 
presenting  important  results  in  the  line  of  engineering  practice. 
These  were  presented  for  the  author  by  Prof.  D.  S.  Jacobus.  The 
subjects  were  Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric 
Plant  and  Unnecessary  Losses  in  Firing  Fuel  Oil.  The  first  of 
these  contains  results  of  tests  upon  a  15  000  kw.  power  plant  of  the 
Pacific  Light  and  Power  Co.,  Redondo,  Cal.,  having  steam  engine 
prime  movers  and  using  crude  oil  as  fuel.  The  results  were  given 
for  various  uniform  loads,  ranging  from  2000  to  5000  kw.;  also  for 
the  entire  station  on  a  variable  railway  load. 

The  second  paper  describes  apparatus  for  securing  proper  adjust- 
ments in  automatic  firing  for  steam  boilers  in  plants  burning  liquid 
fuel.  The  paper  also  has  valuable  data  upon  the  heat  value  of  Cali- 
fornia oils. 

WEDNESDAY  EVENING  LECTURE 

On  Wednesday  evening  was  the  lecture  on  aeronautics  by  Lieut. 
Frank  P.  Lahm  of  the  Signal  Corps,  U.  S.  Army,  who  took  as  his 
subject  The  Conquest  of  the  Air.  The  interest  aroused  by  this 
feature  of  the  annual  meeting  is  indicated  by  the  size  of  the  audience 
which  greeted  the  speaker.  It  was  the  largest  in  the  history  of  the 
Engineering  Societies'  Building.  Every  seat  and  the  available 
standing  room  of  the  auditorium  were  taken  and  the  evident  antici- 
pation of  the  audience  changed  to  enthusiasm  as  the  speaker  skil- 
fully developed  his  subject. 

The  lecture  was  illustrated  by  a  profusion  of  lantern  slides  and  by 
motion  pictures  of  dirigible  balloons  and  the  Wright  Brothers' 
aeroplane.  The  speaker  traced  the  important  events  related  to  the 
development  of  air  ships  during  the  past  125  years,  beginning  with 
the  discovery  in  France  of  the  principle  of  the  hot-air  balloon  by 
the  Montgolfier  brothers.  Benjamin  Franklin  witnessed  one  of  the 
earliest  ascensions  in  France  by  hot-air  balloon  and  is  reported  to 
have  had  faith  in  this  type  of  craft.  In  reply  to  the  question  "  Of 
what  use  are  balloons?"  he  said  "Of  what  use  is  a  new-born  babe?'' 

Lieutenant  Lahm  is  an  experienced  balloonist  and  his  graphic 
description  of  a  balloon  ascension  was  so  evidently  a  recital  of  his 
own  experiences  as  to  add  force  to  his  remarks.  He  described  the 
process  of  preparing  a  balloon  for  ascension  and  inflating  it  and  the 
instruments  used  by  the  aeronaut.    To  maintain  equilibrium  when 
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a  balloon  is  in  the  air  requires  close  attention.  A  cloud  passing 
across  the  sun  cools  the  gas  and  starts  the  balloon  down,  or  a  burst 
of  sunshine  on  a  cloudy  day  produces  the  opposite  effect.  The  cool 
air  encountered  in  passing  over  a  forest  has  the  same  effect  as  the 
cloud.  The  pilot  must  know  at  once  when  his  balloon  starts  up  or 
down.  A  little  sand  thrown  out  at  the  beginning  of  a  desceni^  will 
do  more  to  stop  it  than  a  large  quantity  later.  The  registering 
barometer  does  not  record  quickly  enough,  so  an  aneroid  barometer 
with  a  circular  dial  and  a  needle  is  used;  or  more  often  a  statoscope, 
which  indicates  instantly  whether  a  balloon  is  going  up  or  down. 
A  sextant  with  artificial  horizon  is  used  for  finding  the  latitude  of 
a  balloon  when  above  the  clouds. 

Answering  the  questions  that  are  commonly  asked  about  balloon- 
ing, the  speaker  said  there  is  nothing  by  which  one  can  measure  his 
height,  and  there  is  no  unpleasant  motion  as  in  an  elevator.  Sus- 
pended in  the  air  and  moving  with  it,  one  does  not  realize  that  he 
is  moving  at  all.  There  is  therefore  no  unpleasant  sensation;  the 
delights  of  ballooning  can  be  realized  in  no  other  way;  and  at  the 
conclusion  of  a  trip  the  landing  is  made,  the  balloon  shipped  back  to 
the  starting  point  by  freight  or  express,  and  ''its  passengers  settle 
down  comfortably  to  their  dinner  in  the  dining  car  and£go  over 
again  the  enjoyable  incidents  of  the  ascension." 

Interest  in  aeronautics  was  greatly  stimulated  by  the  international 
competition  for  the  Gordon  Bennett  Cup  in  1906.  This  race  was 
from  Paris  and  was  won,  the  speaker  modestly  said,  by  "  an  Ameri- 
can." This  race  was  with  free  balloons,  but  it  is  expected  that 
dirigibles  will  enter  future  races. 

Descriptions  were  given  of  representative  dirigible  balloons, 
beginning  with  that  of  Santos  Dumont  in  1898,  who  succeeded  three 
years  later  in  circling  the  Eiffel  Tower  in  his  balloon.  Another  early 
and  successful  airship  was  that  built  by  the  Frenchman  Julliot,  an 
engineer  in  the  employ  of  Lebaudy  brothers,  wealthy  sugar  refiners 
in  Paris,  who  backed  him.  His  efforts  finally  led  to  the  construction 
of  the  well-known  PcUrie.  Many  views  were  shown  of  the  familiar 
war  balloons  of  the  various  countries,  including  the  Ripttblique, 
Ville  de  Paris,  Gross,  Parseval,  Zeppelin  and  the  dirigibles  of  the 
British  and  American  armies  which  bear  numbers  only  in  place  of 
names. 

Of  greater  interest  than  any  of  these,  perhaps,  was  the  account  of 
the  Wellman  airship  designed  for  reaching  the  North  Pole.  It  was 
built  in  Paris  in  1906  and  transported  to  Spitzburgen.    It  was  designed 
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as  a  weight  carrier,  with  a  speed  of  only  15  miles  an  hour,  and  would 
carry  a  crew  of  three  men,  dogs,  sleds,  boat,  and  abundant  provisions. 
By  taking  advantage  of  favorable  winds  it  was  hoped  to  cover  the 
700  miles  to  the  pole  in  two  days.  The  return  journey  would  be 
less  difficult  as  any  direction  would  lead  back  to  civilization.  In 
attempting  its  flight,  however,  bearings  were  lost  and  the  ship  had 
to  be  returned  to  its  quarters. 

In  dealing  with  heavier-than-air  machines  prominence  was  given 
to  the  work  of  the  Wright  brothers,  whose  aeroplane  at  Fort  Myer, 
Va.,  established  so  notable  a  record.  Proper  recognition  was  also 
given  to  the  early  work  of  Professor  Langley  who,  in  1896,  con- 
structed a  model  that  flew  a  mile  under  steam  power. 

The  culminating  feature  of  the  lecture  was  the  moving  pictures. 
Huge  dirigible  balloons  were  seen  slowly  moving  out  of  their  balloon 
houses  and  returning.  The  Baldwin  dirigible  was  shown  in  actual 
flight  and  there  were  views  of  the  rapidly  moving  Wright  brothers' 
machine,  which  flitted  across  the  screen  like  a  great  bird. 

In  conclusion  the  speaker  said, ''With  dirigible  balloons  capable 
of  remaining  in  the  air  13  hours,  covering  a  distance  of  176  miles; 
with  the  Wright  aeroplane  which  has  already  remained  in  the  air 
an  hour  and  a  half  and  has  carried  two  persons  at  the  rate  of  40 
miles  an  hour,  under  the  perfect  control  of  its  operator,  I  think  it 
will  be  agreed  that  the  experimental  stage  is  past  and  the  conquest 
of  the  air  is  a  fact. " 

THURSDAY  MORNING — MACHINE  SHOP  SESSION 

The  session  on  Thursday  morning  was  devoted  to  papers  upon 
machine  shop  practice.     Vice-President  Fred  J.  Miller  presided. 

The  first  paper  was  upon  Efficiency  Tests  of  Milling  Machines  and 
Milling  Cutters,  by  A.  L.  DeLeeuw,  Cincinnati,  O.  It  pointed 
out  the  desirability  of  indicating  the  power  of  a  machine  tool 
by  the  amount  of  metal  which  it  is  capable  of  removing,  rather 
than  by  the  size  of  the  driving  pulley  and  belt.  It  described  tests 
upon  several  milling  machines  for  the  purpose  of  ascertaining  the 
amount  of  metal  removed  and  the  capacity;  also  the  horsepower 
required  under  various  conditions  of  feed  and  spe^d.  It  considered 
the  mechanical  efficiency  of  the  machines  and  gave  results  of  tests 
showing  the  importance  of  improvement  in  milling  cutters. 

The  next  paper  was  upon  the  Development  of  the  High  Speed 
Milling  Cutter  with  Inserted  Blades  for  High  Speed  Steel,  by  Wilfred 
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Lewis  and  Wm.  H.  Taylor,  both  of  Philadelphia,  Pa.  The  milling 
cutter  which  formed  the  basis  of  this  paper  has  inserted  helical 
blades  of  high  speed  steel,  mounted  in  a  steel  holder  to  give  a  solid 
backing  for  the  blades  on  the  driving  side  against  which  they  are 
held  by  a  soft  metal  filler  on  the  opposite  side.  The  cutting  power 
of  a  cutter  built  up  in  this  way  is  so  great  that  it  is  stated  to  be 
beyond  the  capacity  of  any  milling  machine  now  on  the  market. 
Tables  of  results  of  tests  were  included  in  the  paper. 

Following  these  papers  upon  milling  practice  was  one  upon  lathe 
tools  by  James  Hartness,  Springfield,  Vt.,  entitled  Metal  Cutting 
Tools  without  Clearance.  The  tool  operates  on  a  new  principle 
developed  by  the  author  which,  contrary  to  the  universal  plan  of 
cutting  tools,  was  designed  to  be  used  without  clearance.  The  tool 
is  supported  in  a  holder  so  constructed  as  to  allow  a  slight  oscilla- 
tory motion  which  permits  the  face  of  the  tool  to  bear  against  the 
face  of  the  metal  from  which  the  chip  is  being  cut.  This  steadies 
the  tool,  prevents  lateral  vibration,  which  is  detrimental  to  the  cut- 
ting edge  of  any  tool,  and  so  permits  a  more  acute  cutting  edge. 

In  presenting  the  paper,  Mr.  Hartness  prefaced  the  reading  by 
remarks  upon  the  use  of  lubricants,  stating  that  it  was  necessary  in 
certain  cutting  operations  to  use  lard  oil.  The  paper  was  discussed 
by  Henry  Harrison  Suplee  who  mentioned  that  he  had  used  wood 
cutting  tools  without  clearance  in  planing  machines  for  much  the 
same  purpose  as  Mr.  Hartness  used  his  metfd  cutting  tool  without 
clearance.  The  objection  for  that  class  of  work,  however,  had  been 
the  heating  of  the  cutting  edges. 

The  last  two  papers  were  upon  the  subject  of  gearing,  which  in 
this  instance,  as  in  times  past,  proved  to  be  most  prolific  of  discussion. 
The  first  paper,  entitled  Interchangeable  Involute  Gear  Tooth  Systems, 
by  Ralph  E.  Flanders  of  New  York,  showed  the  effect  of  varying 
the  pressure  angle  and  height  of  addendum  on  the  various  practical 
qualities  of  gearing,  such  as  continuous  action,  side  pressure,  strength, 
efliciency,  etc.  The  author  asked  for  a  discussion  on  the  question 
of  the  appointment  of  a  Committee  to  investigate  and  report  as  to 
the  wisdom  of  an  alternative  form  of  gearing  for  heavy  use.  The  first 
discussion  was  by  Wilfred  Lewis,  who  advocated  the  investigation 
of  the  subject  and  made  the  following  motion: 

"I  would  thei-efore  propose  that  this  subject  be  referred,  as  Mr. 
Flanders  suggested,  to  a  committee  of  the  Society  to  investigate 
and  report  upon  the  adoption  of  a  standard  system  of  involute  gear- 
ing.   The  paper  covers  the  case  from  a  12-tooth  pinion  to  a  rack. 
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That  is  '^as  far  as  I  would  go  with  such  a  system.  If  internal  gears 
are  employed,  that  would  be  understood  to  be  more  or  less  special. " 

The  second  paper  upon  gearing  was  upon  Spur  Gearing  on  Heavy 
Railway  Motor  Equipments,  by  Norman  Litchfield,  New  York. 
This  dealt  with  the  breakage  of  gearing  in  heavy  electric  railway 
service  and  referred  to  the  work  of  the  Interborough  Rapid  Transit 
Co.  in  overcoming  this  difficulty.  It  considered  the  materiab  and 
design  of  gearing  for  heavy  duty  including  the  shape  of  tooth  out- 
lines employed. 

The  discussion  upon  the  gearing  papers  was  so  extended  that  the 
session  adjourned  imtil  afternoon,  at  which  time  Prof.  W.  Rauten- 
strauch  presided. 

At  this  session  the  resolution  ofiFered  by  Mr.  Lewis  in  the  morning 
calling  for  the  appointment  of  a  committee  to  consider  the  matter 
of  interchangeable  involute  gearing  was  brought  up  and  unanimously 
carried.  In  order  to  conform  to  the  usual  procedure  in  such  matters 
it  was  suggested  by  Mr.  Elmer  H.  Nefif  that  the  resolution  should  be 
in  the  form  of  a  request  to  the  Council  to  take  up  the  matter,  which 
was  concurred  in  by  Mr.  Lewis. 

THURSDAY   AFTERNOON    SESSION 

Prof.  F.  R.  Hutton,  who  acted  as  Chairman,  announced  that  the 
paper  by  Mr.  Mellin  upon  Articulated  Compound  Locomotives  would 
be  deferred  until  later  in  the  afternoon  when  the  lantern  slides  would 
be  more  effective. 

The  first  paper  to  be  presented  was  upon  Liquid  Tachometers,  by 
Amasa  Trowbridge,  Hartford,  Conn.  This  described  the  Veeder 
liquid  tachometer  and  methods  used  in  testing  and  calibrating  it. 

The  next  paper,  by  H.  L.  Gantt,  Pawtucket,  R.  I.,  upon  Training 
Workmen  in  Habits  of  Industry  and  Cooperation,  drew  out  the  most 
active  discussion  of  any  paper  of  the  convention.  It  emphasized 
the  fact  that  with  the  advent  of  the  scientifically  educated  engineer 
capable  of  substituting  a  scientific  solution  of  problems  for  the 
empirical  solution  of  the  mechanic,  the  responsibility  of  training 
workers  actually  shifts  to  his  shoulders.  If  he  properly  conducts 
this  training  riong  the  lines  of  scientific  investigation,  efficiency  of 
the  workmen  can  be  so  greatly  increased  that  the  employer  can  afford 
to  pay  far  in  excess  of  the  compensation  usually  allowed. 

The  discussions  were  very  favorable  to  the  methods  of  Mr.  Gantt, 
since  they  represented  humanitarian  ideas  rather  than  the  purely 
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commercial  aspect  so  often  predominating  in  the  training  of  work- 
men. 

Geo.  B.  Willcox  of  Saginaw,  Mich.,  next  Jpresented  [a  paper  on 
Salt^annf  acture,  in  which  he  described  apparatus  used  in  the  manu- 
facture of  salt  by  the  grainer  process  including  the  design  of  evapor- 
ated grainers  built  of  reinforced  concrete,  and  devices  for  handling 
and  conveying  salt  and  loading  salt  barrels  into  cars. 

The  next  paper,  upon  Industrial  Photography,  by  S.  Ashton  Hand, 
Cleveland,  O.,  was  iUustrated  by  lantern  slides  showing  some  remark- 
ably perfect  results  obtained  in  photographing  machinery  and  interior 
of  shops.  These  illustrated  methods  used  by  the  author  in  bringing 
out  details  and  avoiding  shadows  or  too  prominent^high  lights.  He 
showed  by  a  series  of  plates  results  that  could  be  obtained  in  develop- 
ing plates  that  were  under  or  over-exposed;  the  effect  of  different 
lengths  of  exposure  upon  plates  and  how  certain  defects  in  plates 
could  be  remedied. 

A  paper  upon  Articulated  Compound  Locomotives,  by  C.  J. 
Mellin,  Schenectady,  New  York,  which  had  been  deferred  until  the 
end  of  the  meeting,  described  locomotives  articulated  by  the  Mallet 
method  by  means  of  which  the  tractive  power  can  be  doubled  over 
that  of  an  ordinary  engine  for  a  given  weight  of  rail  with  a  sub- 
stantial saving  in  fuel. 

GAS   POWEB  MBBTING 

The  Gas  Power  Section  held  a  meeting  on  Thursday  afternoon, 
with  Dr.  Charles  E.  Lucke  in  the  chair,  and  about  150  members 
of  the  Section  present. 

The  executive  committee  of  the  Section  reported  that  it  had  pro- 
ceeded to  the  election  of  oflScers  for  the  ensuing  year,  as  follows: 

Chairman,  F.  R.  Low;  Secretary,  George  A.  Orrok;  Chairman  of 
the  Membership  Committee,  Robert  T.  Lozier;  Chairman  of  the 
Meetings  Committee,  Cecil  P.  Poole;  Executive  Committee,  F.  H. 
Stillman,  George  L  Rockwood,  R.  H.  Femald,  F.  R;  Hutton,  H.  H. 
Suplee. 

The  retiring  executive  committee  recommended  the  appointment 
of  a  nominating  committee,  to  place  at  least  two  candidates  in  nomi- 
nation for  each  office;  a  committee  on  installations,  to  keep  a  list  of 
all  power  plants,  giving  complete  data  as  to  equipment;  a  com- 
mittee on  plant  operation,  to  collect  information  as  to  load  charac- 
teristics, costs  of  operation,  behavior  of  apparatus,  etc. ;  and  a  com- 
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mittee  on  breakdowns,  failures,. etc.,  to  collect  and  file  information 
as  to  accidents,  unsatisfactory  operation,  etc. 

In  connection  with  the  work  of  the  standardization  committee, 
a  communication  from  Prof.  Lionel  S.  Marks  was  presented  by 
Prof.  Ira  S.  Hollis,  discussing  the  high  and  low  heat  values.,  and 
calling  attention  to  the  fact  that  the  "efifective''  heat  value  in  Ger- 
man practice  is  the  heat  value  of  the  gas  under  the  conditions  of 
temperature  and  pressure  at  which  it  is  used. 

An  interesting  paper  was  presented  by  Mr.  L.  H.  Nash,  reviewing 
his  own  experiences  in  gas-engine  work,  and  showing  the  extent  to 
which  old  ideas  have  cropped  up  from  time  to  time.  This  paper, 
which  was  profusely  illustrated  by  lantern  slides,  was  most  interest- 
ing and  instructive.  A  paper  upon  Some  Possibilities  of  the  Gasolene 
Turbine,  by  Prof.  Frank  C.  Wagner,  was  read  in  abstract,  in  the 
absence  of  the  author.  This  paper  discussed  analytically  the  relative 
efifects  of  an  excess  of  air  and  an  injection  of  water  for  keeping  down 
the  temperature  of  the  gases. 

Dr.  Lucke  called  attention  to  the  observed  facts  as  to  the  behavior 
of  the  free  expansion  of  gases  in  nozzles,  showing  that  assumed 
effects  are  not  realized  in  practice,  and  recommended  further  experi- 
mentation in  this  direction. 

THURSDAY  EVENING   RECEPTION 

On  Thursday  evening  was  the  annual  reception,  which  was 
held  in  the  rooms  of  the  Society  and  followed  by  a  collation  and 
dancing. 

FRIDAY   MORNING   SESSION 

The  papers  for  Friday  morning  presented  mainly  the  results  of 
tests  upon  various  types  of  apparatus.  The  first,  by  Prof.  R.  T. 
Stewart  of  Pittsburg,  Pa.,  was  one  of  a  series  of  papers  which  he  has 
read  before  this  Society  upon  extended  lines  of  investigation  which 
he  has  conducted.  This  paper  dealt  with  the  Physical  Properties  of 
Carbonic  Acid  and  the  Conditions  of  its  Economic  Storage  for  Trans- 
portation. It  treated  exhaustively  of  the  physical  properties  of 
carbonic  acid,  and  mentioned  tables  of  data  heretofore  unavailable. 
There  were  also  suggestions  for  the  design  of  cylinders  to  withstand 
high  pressures.  The  discussion  on  the  paper  was,  from  the  nature  of 
the  subject,  somewhat  out  of  the  sphere  of  mechanical  engineering 
and  bore  largely  upon  the  safety  of  carbonic  acid  cylinders  used  for 
the  storage  and  transportation  of  a  chemical. 
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The  Slipping  Point  of  Rolled  Boiler  Tube  Joints^  by  Professors  O.  P. 
Hood  and  G.  L.  Christensen,  Houghton,  Mich.,  was  the  title  of  the 
next  paper  which  had  for  its  object  the  recording  of  data  regarding 
the  behavior  of  joints  made  by  rolling  boiler  tubes  into  the  contain- 
ing holes  of  the  tube  sheets. 

The  third  paper,  by  Prof.  R.  G.  Dukes  on  Tests  on  Friction  Clutches 
for  Power  Transmission,  gave  results  of  tests  upon  friction  clutches 
of  di£ferent  makes. 

The  final  paper  of  the  morning  was  a  brief  description,  with  the 
theory  of  design,  of  An  Averaging  Instrument  for  Polar  Diagrams, 
by  Prof.  W.  F.  Durand,  Stanford  University,  Cal.  It  was  intended 
to  supply  information  for  the  design  of  the  planimeter  for  use  on 
polar  diagrams  so  commonly  used  on  different  types  of  recording 
instruments. 

The  meeting  closed  with  the  following  resolutions: 

Whereas:  The  American  Society  of  Mechanical  Engineers  at  its  Annual 
Meeting,  December,  1908,  desire  to  express  its  appreciation  to  those  who  have 
provided  opportunities  for  entertainment;  and  on  behalf  of  its  visiting  members 
thanks  for  the  welcome  so  cordially  given  by  the  local  members  and  their  friends 
of  New  York  and  vicinity. 

Be  it  Resolved,  that  the  Secretary  be  instructed  to  extend  the  thanks  of 
the  Society  and  to  express  the  appreciation  of  its  members  and  guests  to  the 
local  committees  for  their  untiring  efforts;  to  those  who  have  sent  invitations  to 
visit  engineering  works  and  places  of  interest;  to  Professor  Brashear  for  his  de- 
lightful lecture;  to  Brig.  Gen.  James  Allen  and  his  associates  of  the  Signal  Corps 
for  the  remarkable  presentation  of  th?  subject  of  aeronautics  before  the  Society; 
and  especially  to  the  ladies  who  extended  so  generous  a  hospitality  to  their  guests. 
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THE  ANNUAL  REPORTS  OF  THE  COUNCIL  AND 
COMMITTEES,  1908 

REPORT  OF  THE  COUNCIL 

The  Council  submits  herewith  a  report  of  the  activities  of  the  year, 
together  with  the  reports  of  the  standing  and  special  committees. 

One  of  the  most  extensive  and  far-reaching  movements  of  the 
year  has  been  the  Society's  participation  in  the  National  movement 
for  the  conservation  of  natural  resources,  in  response  to  the  invita- 
tion of  the  President  of  the  United  States.  Under  the  heading 
Conservation  published  in  this  report,  is  given  a  complete  account  of 
the  Society's  participation  in  the  Congress  of  the  Governors  of  the 
States,  and  in  the  account  of  the  April  meeting  of  the  Society  in 
this  volume  will  be  found  abstracts  of  the  addresses  made  at  a 
special  meeting  of  the  Society  on  Conservation. 

Understanding  the  need  for  extending  the  influence  and  service  of  the 
Society,  the  Council  has  provided  for  the  formation  of  professional 
sections  and  student  branches.  Other  situations  are  being  met  as 
fast  as  practicable.  Professional  sections  foster  the  development 
of  special  branches  of  engineering  in  which  members  and  others  not 
eligible  to  membership  are  engaged,  and  enable  those  dealing  with  a 
special  branch  of  work  to  devote  more  time  to  the  discussion  of  their 
problems  than  the  Meetings  Committee,  in  the  interest  of  the  Society, 
would  feel  justified  in  allowing  at  the  regular  meetings.  Student 
Branches  establish  relations  with  students  in  accredited  engineering 
schools;  and  encourage  students  to  hold  meetings  of  their  own  and  to 
attend  the  meetings  of  the  Society.  By  reason  of  their  aflSliation  to  the 
Society,  they  receive  The  Journal.  The  plan  for  AflSliated  Societies 
was  referred  to  a  special  committee  composed  of  F.  R.  Hutton, 
Chairman^  R.  H.  Fernald,  F.  W.  Taylor  and  H.  H.  Suplee,  who  pre- 
sented rules  for  the  formation  and  government  of  such  sections  which 
were  approved  by  the  Council.  These  rules  are  published  under 
"Amendments"  in  this  report. 

The  Council  decided  that  all  material  appearing  in  The  Journal 
may  be  immediately  republished   without  restriction.     Heretofore 
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papers  have  not  been  released  until  the  date  of  the  meeting  at  which 
they  were  to  be  presented.  The  usual  footnote  to  this  efifect,  which 
has  appeared  with  each  paper,  will  now  be  omitted,  and  the  press 
throughout  the  world  are  invited  to  republish  at  once  the  papers 
appearing  in  The  Journal,  in  part  or  in  whole.  By  this  means,  the 
widest  possible  publicity  will  be  given  to  the  contributions  of  the 
various  authors,  and  greater  interest  in  the  meetings  will  be  awakened 
among  engineers,  particularly  if  interested  in  any  special  subject  to 
come  up  for  discussion.  It  is  hoped  that  the  free  and  unrestricted 
distribution  of  the  material  contributed  to  the  Society  will  redoimd 
to  the  benefit  both  of  the  Society  and  of  the  profession.  It  is  believed 
that  this  step  will  meet  with  general  approval. 

A  conference  for  the  international  standardization  of  pipe  threads 
was  held  in  Paris,  France,  June  23,  under  the  auspices  of  the  SociAtA 
Technique  de  Tlndustrie  du  Gaz.  In  response  to  an  invitation, 
this  Society  appointed  a  special  committee  which  consisted  of  E.  M. 
Herr,  Chairman,  George  M.  Bond,  Wm.  J.  Baldwin  and  Stanley  G. 
Flagg,  Jr.,  and  appointed  Laurence  V.  Benet  of  Paris,  as  a  special 
representative  at  the  conference.  The  report  of  the  committee  was 
forwarded  to  M.  Benet  for  presentation  at  the  conference. 

The  Society  was  represented  by  the  Honorary  Vice-Presidents  at 
the  following  events. 

The  memorial  services  for  Lord  Kelvin  held  under  the  auspices  of 
the  American  Institute  of  Electrical  Engineers,  January  12:  Andrew 
Carnegie,  Thomas  EJdison,  Rear-Admiral  Melville,  Geo.  Westing- 
house  and  Benjamin  F.  Isherwood.  Funeral  services  of  the  late 
Coleman  Sellers,  Past-President  of  the  Society,  December  31:  J.  M. 
Dodge  and  F.  W.  Taylor.  The  installation  of  Prof.  W.  F.  M.  Goss 
as  Dean  of  the  College  of  Engineering  of  the  University  of  Illinois,  Feb- 
ruary 6:  Wm.  Forsyth.  The  dinner  of  the  Society  of  Civil  En- 
gineers of  Boston,  March  10:  Fred  J.  Miller.  The  meeting  of  the 
Society  of  Automobile  Engineers,  March  10:  Prof.  F.  R.  Button. 
The  limcheon  given  by  President  Macdonald  of  the  American  So- 
ciety of  Civil  Engineers  to  the  Hon.  Giflford  Pinchot,  March  5: 
Charles  Whiting  Baker.  The  meeting  of  the  International  Congress 
of  Navigation,  St.  Petersburg,  May  31-June  7:  W.  E.  Smith. 
To  represent  the  Society  and  its  President  at  the  conference  of  the 
four  national  engineering  societies  on  the  conservation  of  our  na- 
tional resources,  May  9:  Prof.  F.  R.  Hutton,  Honorary  Secretary. 
The  dedication  of  the  new  buildings  of  the  College  of  the  City  of 
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New  York,  May  14:  Prof.  Ira  H.  Woolson.  The  convention  of  the 
National  Electric  Light  Association  in  Chicago,  May  18:  George  M. 
Brill.  The  International  Congress  of  Refrigerating  Industries  in 
Paris,  September  17-23:  Gardner  Tufts  Voorhees.  'The  Anniversary 
Banquet  of  the  Soci6t6  des  Ingenieurs  Civils  de  France,  May  16: 
Lawrence  V.  Benet  and  Gustave  Canet.  Forest  Festival,  Biltmore 
Estate,  November  26,  27,  28:  Charles  E.  Waddell.  American  Min- 
ing Congress,  December  2-5:  W.  M.  McFarland,  W.  A.  Bole.  National 
Irrigation  Congress,  September  29-October  3:  W.  B.  Gregory. 

The  following  deaths  are  reported: 

Coleman  Sellers,  Past-President,  Thos.  Fitch  Rowland,  Geo.  W.  Hammond, 
A.  G.  Goldthwait,  Wm.  S.  Love,  W.  H.  Hume,  A.  F.  Knight,  Edw.  B.  Brisley, 
O.  F.  Nichols,  W.  Roberts,  James  Powell,  W.  H.  Wiggin,  C.  H.  L.  Smith,  C.  D. 
Pierce,  Gustave  Herrmann,  Hon.  Mem.,  F.  C.  Warman,  F.  N.  Fowler,  Fredk. 
A.  Johnson,  B.  F.  Schaefer,  Ferdinand  Phillips,  S.  B.  Cox,  Jos.  Stone,  F.  B.  Klein- 
hans,  F.  McGowan,  Wm.  Anson  Pearson,  W.  H.  Bailey,  H.  F.  Glenn,  Gustave 
Canet,  Hon.  Mem.  F.  A.  C.Perrine,  and  E.  0.  Eberhardt. 

The  following  resignations  are  reported : 

Alex.  Delaney,  C.  W.  Rowe,  W.  L.  Clements,  Geo.  A.  Ensign,  Geo.  B. 
Bartlett,  W.  L.  Hedenberg,  Jno.  W.  Loveland,  M.  T.  Conklin,  G.  L.  Backstrom, 
Willard  L.  Case,  Jno.  B.  Fleming,  Geo.  H.  Lilley,  W.  C.  Swift,  P.  P.  Rooney, 
J.  M.  Bamay,  Lemuel  Clark,  H.  deF.  Hubbard,  J.  L.  Pitkin,  H.  Van  Atta,  J.  C. 
Knight,  C.  E.  Bement,  J.  R.  Caldwell,  Walter  Kirton,  Wm.  M.  Power,  Jos.  D 
Wallace,  Jos.  Kuhn,  Frank  G.  Brown,  Jr.,  Donald  Enock,  Camille  A.  Lamy, 
C.  Reeve,  John  Dick,  W.  S.  Auchincloss,  C.  E.  Brown,  Alex.  Gordon,  Morris 
M.  Green,  E.  B.  Guthrie,  E.  E.  Hanna,  C.  C.  King,  F.  G.  Kretschmer,  A.  C. 
Linxee,  J.  H.  Massie,  Fredk.  Mcintosh,  A.  T.  Porter,  Justin  A.  Ware,  Max 
H.  Wickhorst,  Alfred  Marshall,  J.  F.  Wilcox,  James  Inglis,  B.  J.  Dashiell, 
Louis  C.  Schaeffer,  O.  V.  DeGaigne,  and  H.  S*  Richardson. 

During  the  year  the  Society  has  received,  through  the  kindness  of 
Mrs.  Westinghouse,  an  excellent  portrait  of  George  Westinghouse, 
Hon.  Mem.  Am.  Soc.  M.  E.,  which  has  been  placed  in  the  Council 
room. 

ELECTION  OP  JOHN  A.   BRASHEAR  TO    HONORARY  MEMBERSHIP  IN  THE 

SOCIETY 

At  the  meeting  of  the  Council  Tuesday,  November  10,  Dr.  John  A. 
Brashear,  of  Allegheny,  Pa.,  was  unanimously  elected  Honorary 
Member  of  the  Society,  in  response  to  a  petition  signed  by  the  follow- 
ing members: 
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W.  R.  Wabnbr  GnoRaio  I.  Aldbn 

C.  F.  Brush  Joseph  F.  Klein 

John  Frttk  Chas.  Wallace  Hunt 

Chas.  H.  Mobqan  Jesse  M.  Smith 

Victor  EJh>wARDs'  Geo.  W.  Melville 

C.  M.  Schwab  Henry  L.  Barton 

W.  M.  McFarland  Wm.  A.  Bole 

Alexander  Taylor  Wai/ter  C.  Kerr 

£.  S.  McClellan  H.  H.  Westinghouse 

Dr.  Brashear  is  an  expert  in  the  manufacture  and  development 
of  astronomical  and  physical  instruments  of  precision  and  an  ac- 
knowledged leader  in  astronomical  research. 

It  is  the  spirit  of  the  Council  to  favor  the  exchange 'of  courtesies 
with  other  Societies,  and  it  accordingly  directed  that  the  Secretary 
send  invitations  to  the  secretaries  of  the  Institute  of  Civil  Engineers 
(London),  the  Institute  of  Mechanical  Engineers  (London),  the 
Institute  of  Electrical  Engineers  (London),  and  the  Iron  and  Steel 
Institute  (London),  offering  the  freedom  of  the  Society's  head- 
quarters and  library  to  their  members  visiting  in  America. 

The  Pratt  &  Whitney  Co.  presented  to  the  Society  a  set  of  standard 
gages  made  by  them  in  conformance  with  the  standards  for  machine 
screws  which  this  Society's  committee  recommended.  The  Council 
accepted  the  gages,  to  be  used  as  a  standard  and  authentic  set,  and 
gave  a  vote  of  thanks  to  the  Pratt  &  Whitney  Co. 

Several  years  ago,  a  committee  consisting  of  Messrs.  John  Fritz, 
Stephen  W.  Baldwin,  R.  C.  Carpenter,  Walter  C.  Kerr,  E.  A.  UehUng, 
William  Hewitt  and  Gus.  C.  Henning,  collected  $788.32,  toward  a 
memorial  to  Dr.  Robert  Henry  Thurston,  first  President  of  the 
Society.  This  money  was  never  expended,  for  the  reason  that  a 
suitable  memorial  was  not  conceived. 

The  Committee  transferred  the  amount  to  Prof.  F.  R.  Button  as 
Treasurer,  and  Professor  Hutton,  June  19,  1908,  transferred  it  to  the 
Society. 

Upon  the  unveiling  of  the  tablet  at  Cornell  University  erected  to 
Dr.  Thm-ston's  memory  by  the  alumni  and  engineering  students  of 
Sibley  College  at  the  time  of  Dr.  Thurston's  death,  the  idea  occurred 
to  the  members  of  the  Society  that  a  replica  of  this  tablet  would  be  a 
suitable  memorial  for  the  Society.  Permission  was  obtained  from  the 
Sibley  Alumni  Committee  and  H.  A.  McNeil,  the  sculptor  of  the  Cor- 
nell tablet,  who  was  a  personal  friend  of  Dr.  Thurston,  was  secured 
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for  the  work.  The  Council  voted,  Oct.  13,  1909,  that  the  sum  pre- 
viously collected,  $797.17,  be  expended  and  voted  the  additional  sum 
of  $52.83  necessary  to  cover  the  cost  of  the  tablet,  $850. 

The  Council  subscribed  to  the  Institution  of  Civil  Engineers  of 
Great  Britain  $155  toward  a  window  to  be  placed  in  Westminster 
Abbey  to  the  memory  of  Sir  Benjamin  Baker,  Hon.  Mem.  Am.  Soc. 
M.  E.  This  recognition  has  been  given  to  engineers  in  but  few 
instances,  being  restricted  to  a  statue  of  Telford,  a  bust  of  Watt,  and 
memorial  windows  to  Robert  Stephenson,  Joseph  Locke,  and  Sir 
William  Siemens.  The  Institution  will  place  a  similar  window  in 
their  new  home. 

The  Council  presented  to  Prof.  F.  R.  Hutton,  Honorary  Secretary, 
Am.  Soc.  M.  E.,  engrossed  resolutions  in  acknowledgment  of  long 
service  to  the  Society. 

The  Council  voted  that  the  membership  in  other  bodies  of  the 
Society,  as  such,  be  terminated. 

The  Council  appointed  a  committee  composed  of  F.  R.  Hutton, 
G.  M.  Basford  and  the  Secretary,  to  devise  a  plan  whereby  the  publica- 
tions of  the  Society  might  be  developed,  and  approved  the  recommen- 
dations of  this  committee  to  advance  $10  000  for  this  purpose 
and  to  appoint  an  editor  and  an  advertising  manager.  Lester  G. 
French  was  appointed  Editor,  and  E.  J.  Gibling  Advertising  Manager. 

Dr.  F.  R.  Hutton  was  reappointed  trustee  of  the  United  Engineer- 
ing Societies  for  a  term  of  three  years. 

The  Council  appointed  John  W.  Lieb,  Jr.,  and  F.  W.  Taylor  a  special 
committee  to  consider  the  revision  of  the  present  code  for  conduct- 
ing steam  boiler  trials. 

In  response  to  an  invitation  from  the  American  Association  for  the 
Advancement  of  Science  to  each  of  the  National  Engineering  Societies, 
the  Council  appointed  Alex.  C.  Humphreys  and  Fred  J.  Miller,  as 
representatives  of  this  Society,  upon  the  Council  of  that  Association. 

Upon  the  recommendation  of  the  Gas  Power  Section,  the  Council 
appointed  Prof.  C.  E.  Lucke,  Chairman^  Prof.  D.  S.  Jacobus,  Messrs. 
Geo.  H.  Barrus,  C.  N.  Scott  and  E.  T.  Adams,  a  Committee  on  the 
Revision  and  Extension  of  the  Code  for  Testing  Gas  Power  Machinery. 

A  Committee  on  the  Conservation  of  Our  Natural  Resources  was 
appointed  by  the  Council.  It  consists  of  George  F.  Swain,  Chair- 
man,  L.  D.  Burlingame,  Charles  Whiting  Baker,  M.  L.  Holman,  and 
Calvin  W.  Rice. 

A  communication  from  the  National  Conservation  Commission 
was  received,  requesting  the  assistance  of  the  Society  by  the  appoint- 
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ment  of  an  Advisory  Board  for  the  purpose  of  valuing  water  power. 
In  response  to  the  request,  the  Council  appointed  John  R.  Freeman, 
Geo.  F.  Swain  and  Charles  T.  Main,  a  special  committee  of  the  Society 
to  serve  until  the  Annual  Meeting  of  1909,  and  voted  that  the  expenses 
of  the  board  be  defrayed  by  the  Society. 

REPORTS  OF  THE  STANDING  COMMITTEES,  1908 

The  Finance  Committee 

On  October  17,  1907,  The  Mechanical  Engineers  Library  Associa- 
tion was  consolidated  with  the  Society  under  the  corporate  name  of 
The  American  Society  of  Mechanical  Engineers,  in  connection  with 
which  the  surplus  of  the  M.  E.  L.  A.,  including  the  profits  from  the  sale 
of  the  house  at  12  West  31st  Street,  the  whole  amounting  to  $83  632.15, 
was  transferred  to  the  treasury  of  the  Society.  Of  the  funds  made 
available  from  this  source,  $63  000  was  expended  in  the  reduction  of 
the  mortgage  on  the  land  on  which  the  building  of  the  United  Engi- 
neering Societies  was  erected.  The  balance  was  returned  to  the 
treasury  of  the  Society  and  appears  in  the  statement  below. 

RE-INVESTMENT  OP  TRUST  FUNDS 

During  the  year  the  several  trust  funds  of  the  Society  have  been 
reimbursed  to  the  extent  of  the  investments  made  by  them  in  as- 
suming a  part  of  the  obligations  incurred  in  connection  with  the 
erection  of  the  Engineering  Societies  Building.  The  principals  of  each 
of  the  several  trust  funds  have  been  restored  to  the  full  amount  and 
the  unexpended  income  at  4  per  cent  has  been  added  in  each  case. 
It  will  be  of  interest  to  note  the  history  of  these  funds. 

Library  Fund,  The  Library  fund  was  first  established  at  the 
Council  meeting  held  on  June  25,  1884.  From  this  time  the  contri- 
butions have  been  received  for  this  fund  and  the  interest  used  in 
pa3dng  for  the  purchase  of  books  and  the  maintenance  of  the  library. 

In  April,  1902,  as  a  result  of  a  joint  meeting  of  the  Finance  and 
Executive  Committees,  a  pamphlet  was  issued  containing  a  financial 
report  and  certain  recommendations  which  were ,  subsequently 
adopted  by  the  Council.  One  of  these  resolutions  (See  p.  9,  vol.  24 
of  the  Transactions,  also  Council  Records)  provided  that  one  per 
cent  of  the  gross  receipts  from  membership  dues  during  the  fiscal 
year  should  be  credited  to  the  Hbrary  fund.    The  intent  of  the  com- 


Digitized  by  VjOOQIC 


SOCIETY   AFFAIRS  543 

mittees  appears  to  have  been  that  the  income  of  these  funds  be  used 
for  the  purchase  of  new  books,  building  and  models.  At  the  present 
time  this  fimd  amounts  to  $4902.71. 

Weeks  Legacy  Fund.  This  fund  was  established  in  May,  1904, 
by  bequest  from  the  estate  of  Geo.  W.  Weeks,  a  member  of  the  So- 
ciety, who  donated  an  amount  to  the  Society  for  library  purposes. 
The  amount  of  the  bequest  was  $1957. 

Life  Membership  Fund.  This  fund  was  established  in  accordance 
with  Article  22  of  the  Constitution.  The  first  contribution  was  re- 
ceived May  12,  1880.  At  the  present  time  there  are  104  Life  Mem- 
bers, and  the  fund  amounts  to  $36151.07.  The  income  is  used 
for  the  current  expenses  and  appears  under  the  classification  of  dues. 

Reserve  Fund.  This  fund  originated  at  a  meeting  of  the  Financial 
and  Executive  Committees  in  March  1902,  and  was  established  by 
the  Council  April  22,  1902.  The  evident  purpose  of  this  fund  is  that 
the  initiation  fees  shall  be  treated  as  a  specifd  reserve  fund  and  that 
at  the  end  of  each  fiscal  year  ten  per  cent  of  the  entire  amount  in  the 
fund  be  transferred  to  the  annual  income.  This  fund  at  the  end  of 
this  fiscal  year  amounts  to  $32  759.95. 

Thurston  Memorial  Fund.  This  fimd  was  established  soon  after 
the  decease  of  Dr.  Robert  H.  Thurston,  the  first  president  of  the 
Society,  and  consists  of  subscriptions  for  the  purpose  of  providing 
for  the  Society  House  a  bronze  bust  of  Dr.  Thurston  as  a  memorial. 
At  the  end  of  the  fiscal  year  this  fund  amounted  to  $797. 17* 

It  would  seem  advantageous  at  this  time  to  enlarge  upon  the  fact 
that  the  Society  is  in  a  position  to  receive  and  invest  trust  funds  for 
the  development  of  the  various  features  of  its  work.  Endowments 
for  the  benefit  of  the  Society's  activities,  and  to  secure  their  contin- 
uance, will  be  highly  appreciated  and  can  be  utilized  most  advan- 
tageously. 

The  details  of  the  Society's  investments  and  resources  are  shown 
in  the  statement  herewith  submitted. 

Respectfully  submitted, 

Anson  W.  Burchard,  Chairman 
Arthur  M.  Waitt 
Edward  F.  Schnuck 
J.  Waldo  Smith 

A.  C.  DiNKBT 


Finance 
Committee 
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Peircb,  Strubs  and  Company 

Certified  Public  Accountants 

40  Cedar  St.,  New  York 


November  4,  1908 


Mr.  Anson  W.  Burchard 

Chairman  Finance  Committee 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York 

Dear  Sir: 

Having  audited  the  books  and  accounts  of  The  American  Society  of  Mechanical 
Engineers  for  the  year  ended  September  30,  1908,  we  hereby  certify  that  the 
accompanying  Balance  Sheet  is  a  true  exhibit  of  its  financial  condition  as  of  Sep- 
tember 30,  1908,  and  that  the  attached  statements  of  Income  and  Expense  and 
Cash  Receipts  and  Disbursements  are  correct. 

Pierce,  Struss  and  Company 

Certified  Public  Accotmiant$ 


Peircb,  Struss  and  Company 

Certified  Public  Accountants 

40  Ce<lar  St.,  New  York 


November  4,  1908 


Mr.  Anson  W.  Burchard 

Chairman  Finance  Committee 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  St.,  New  York 

Dear  Sir: 

In  accordance  with  your  instructions,  we  have  audited  the  books  and  accounts 
of  The  American  Society  of  Mechanical  Engineers  for  the  year  ended  September 
30, 1908. 

The  results  of  this  examination  are  presented  in  three  exhibits,  attached  here- 
to, as  follows: 

Exhibit  A    Balance  Sheet,  September  30,  1908. 

Exhibit  B     Income  and  Expenses  for  year  ended  September  30, 1908. 

Exhibit  C    Receipts  and  Disbursements  for  year  ended  September  30,  1908 

We  beg  to  present,  attached  hereto,  our  Certificate  to  the  aforesaid  exhibits 

Yours  very  truly, 

Peirce,  Struss  and  Company 
Certified  Pvblic  AccountanU 
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THE  AMERICAN  SOCIETY  OF  MECH.^NICAL  ENGINEERS 
EXHIBIT  A 
Balance  Sheet,  September  30,  1908 

ASSETS 

Cashinbank $13  458.98 

Petty  cash  on  hand 250  00        $  13  708.98 

New  York  City  3J  per  cent  bonds  1954,  par  $35000  30  925.00 

Equity  in  Society  Building  (25  to  33  West  39th 

St.)  353  340. (.2 

Equity,  one-third  cost  of  land  (25  to  33  West  39th 

St.) 180  000.00  533  346.62 

library  books $13  727. 10 

Furniture  and  fixtures 3  084 .02 

Stores,  including  plates  and  finished  publications .         10  875.55  27  686.67 

Accounts  receivable 

Membership  dues $4  439 .  75 

Initiation  fees 705  JOO 

Sale  of  publications,  etc 5  952.26            11  097.01 

Advances  account  of  land  subscription  fund 7  960 .  94 

Advanced  payments 4  819.47 

Totalassets 1629  544.69 

LIABILITIEa 

Funds 

Land  fund  subscriptions $  1  475 .84 

Library  development  fund 4  902 .  71 

Robert  II.  Thurston  memorial  fund 797 .  17 

Weeks  legacy  fund 1  957 .00 

life  membership  fund 35  151 .07          $44  283.79 

United  Engineering  Society  Building  (for  cost 

of  land) {;i  000 .  00 

Membership  dues  paid  in  advance 326 .05 

Initiation  fees  paid  in  advance 40 .00  366 .05 

Reserve  (initiation  fees) 32  759.95 

Appropriation  available  to  complete  Volume  29 

of  Transactions 4  451 .31 

Membership  dues  uncollected 4  439 .  75 

Initiation  fees  uncollected 705.00  5  144.75 

Current  accounts  payable 1  352 .  21 

Surplus 460  186.63 

Total  liabilities $629  544.69 
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EXHIBIT  B 
Incoms  and  Expenses  for  the  Year  Ended  Sept.  30,  1908 

INCOME 

Membership  dues $46  891 .80 

Initiation  fees 3  639.99 

Interest  library  funds 223.50 

Sales,  publications,  badges,  etc 1  906.97 

Adjustmentof  cost  of  building 3  346.62 

Miscellaneous 1  072.65 

$57  081.53 

EXPENSES 

Transactions,  volume    29,   including    estimated 

cost  to  complete $  6  100.00* 

Office  administration,  including  salaries 20  497 .  13 

Meetings,  annual,  spring  and  monthly 5  237 .  99 

Proceedings 8  015.63 

Membership  development 2  029.73 

Pocket  list  and  year  book 2  622.57 

Library 2  539.85 

United  Engineering  Society  assessments 6  700 .00 

Miscellaneous 1  526. 16 

Total 55  269.06 

Excess  of  income  over  expenses 1  812 .47 


•Aetiml  ooM  to  date  ...     $1648.69 

EatimAte  of  amount  required  to  complete. . . .       444(1.31 


$57  081.53 


Estimate  of  amount  required  to  complete ....      $6100.00 

EXHIBIT  C 

Recbiptb  and  DiaBURSEifBNTB  FOR  Ybar  Ended  Sbft.  30,  1908 

RECEIPTS 

Membership  dues  and  initiation  fees $51  442.43 

Membership  dues  and  initiation  fees,  paid  in  ad- 
vance   351 .05 

Sales  of  publications,  badges,  advertising,  etc 11  731 .  59 

Subscriptions  to  land  fund 3  558 .00 

Subscriptions  to  expense  of  annual  meeting 1  865 .  00 

Transportation :  Annual  and  Spring  meeting 178 .  75 

Interest 1  504.56 

Cash  exchanges,  per  contra 625.00 

Robert  H.Thurston  memorial  fund 788.32 

Sale  of  property  of  Mechanical  Engineers  Library 

Association 83  632.15 


$155  676.85 
Cash  in  banks  and  on  hand,  September  30, 1907 . .         30  292 .  44        $185  969 .  29 
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DISBURSBMKNTB 

Diabursements  for  general  purposes. $73  047 .  72 

Reduction  of  mortgage  on  land 63  000.00 

Interest  on  mortgage  on  land 4  278.08 

Investment  in  New  York  City  bonds  (3)  per 

cent  1954) 30  926.00 

Accrued  interest  paid  on  New  York  City  bonds . . .  384 .  51 

Cash  exchanges,  per  cofi^a 625.00 

$172  260.31 

Cash  in  banks  and  on  hand  September  30, 1908. . .  13  708 .  98 


$185  969.29 


Detail  Statement  Showinq  Receipts  and  Disbubsbments  of  the  Trust 

Funds 

land  fund 

Onhand  October  1907 $2589.64 

Received  during  the  jrear 3558.00 

Interest 84.86 

$6232.50 
Interest  on  Mortgage  Land  Fund  Committee 4756.66 

Balance  on  hand $1476.84 

library  DBVBLOPlfENT  FUND 

Onhand  October  1, 1907 $1929.06 

Received  from  surplus 2600 .00 

Membership  fees 473.65 

Onhand $4902.71 

Interest  $156.01  applied  to  current  library  expenses 

ROBERT  H.    THURSTON  MEMORIAL 

Origmalfund $788.32 

Interest  accrued 8.85 

Totalfund $797. 17 

WEEKS  LEGACY 

Onhand  January 31 $1957.00 

Interest  $68.49  applied  to  purchase  of  library  books 

LIFE  membership 

Balance  October  9, 1907 $36  161.07 

Interest  $1109.20  applied  to  current  expenses 
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The  Meetings  Coicmittbb 

The  results  of  the  year's  work  of  your  Committee  on  Meetings  are 
better  shown  in  the  records  of  the  nine  meetings  which  have  been 
held  (seven  monthly,  besides  the  regular  annual  and  summer  con- 
ventions) and  in  the  regular  monthly  publication  of  the  Society,  than 
they  c^n  be  in  any  formal  report.  That  the  meetings  have  been 
highly  successful  in  point  of  attendance  and  in  the  interest  displayed 
by  the  membership  is  well  known.  We  believe  the  smnmer  convention 
at  Detroit  was  particularly  notable  for  the  large  attendance,  the  at- 
tractive excursions  and  other  social  features,  and  for  the  interest 
arising  from  the  holding  at  the  same  time  in  the  same  city  of  the  con- 
ventions of  kindred  organizations:  viz.,  the  Society  for  the  Promotion 
of  Engineering  Education,  the  Society  of  Automobile  Engineers  and 
the  Gas  Power  Section  of  our  own  Society.  The  rapid  multiplica- 
tion of  engineering  societies  makes  co5peration  between  the  various 
groups  in  the  choice  of  time  and  place  of  the  annual  conventions 
exceedingly  advantageous. 

Your  committee  has  continued  the  policy  adopted  some  years  ago 
and  has  endeavored  at  each  semi-annual  meeting  to  secure  groups  of 
papers  bearing  upon  some  one  or  more  subjects  of  current  importance 
to  the  profession.  We  may  cite  by  way  of  illustration  the  symposium 
on  the  conveying  of  materials  presented  at  the  Detroit  convention, 
and  the  session  devoted  to  current  improvements  in  machine  shop 
practice  which  is  on  the  program  for  the  coming  annual  meeting  at 
New  York.  We  believe  that  by  concentrating  attention  upon  special 
subjects  in  this  way  more  valuable  information  is  elicited  and  is 
brought  together  in  one  place,  which  makes  it  much  more  useful 
for  reference. 

Yoiu*  committee  has  further  continued  its  efforts  to  have  the  papers 
read  before  the  Society  cover  a  wide  variety  of  professional  work,  so 
that  the  Society^s  publications  may  be  made  practically  useful  to  all 
its  members.  While  much  has  been  accomplished  in  the  matter, 
much  remains  to  be  done.  There  are  still  important  departments  of 
mechanical  engineering  work  whose  processes  and  methods  and  data 
are  not  recorded  in  our  Transactions  nor  in  those  of  any  other  engineer- 
ing Society. 

Undoubtedly  the  most  important  departure  of  the  year  just  closed 
has  been  the  engagement  of  Mr.  Lester  G.  French  as  Editor  of  the 
Society's  publications.  With  the  great  increase  in  the  number  of 
papers  offered  to  the  Society,  it  became  absolutely  necessary  to  have 
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a  competent  editor  to  work  in  cooperation  with  your  committee  in 
the  solicitation,  examination  and  preparation  of  papers  for  publica- 
tion. The  interest  of  the  meetings  and  the  quality  of  the  papers 
presented  during  the  past  year  have  been  in  no  small  degree  due  to 
Mr.  French's  ability  and  industry. 

In  order  that  this  new  departure  in  the  Society's  work  might  be 
carried  on  without  burdening  the  Society's  treasury,  it  was  decided 
to  insert  advertising  pages  in  the  Society's  Journal,  and  this  change 
was  inaugurated  with  very  satisfactory  results  in  the  September 
number. 

As  a  natural  result  of  the  expansion  of  the  Society's  work,  the  num- 
ber of  papers  submitted  to  your  committee  for  approval  has  very 
greatiy  increased,  so  that  it  becomes  necessary  to  reject  a  consider- 
able proportion  of  those  which  are  offered.  We  believe  this  condi- 
tion is  one  on  which  the  Society  is  to  be  congratulated.  The  aim 
should  be  to  make  our  publications  of  such  high  rank  that  it  will  be 
esteemed  an  honor  for  an  engineer  to  have  a  paper  accepted  and  pub- 
lished by  our  Society.  This  condition  can  only  be  brought  about, 
however,  if  the  number  of  papers  offered  continues  materially  in 
excess  of  the  number  which  will  be  used,  since  it  is  only  when  such  a 
siu^lus  exists  that  proper  selection  becomes  possible. 

The  objection  will  doubtiess  be  raised  that  it  is  a  disappointment 
to  an  individual  author  if  after  spending  much  time  in  the  prepara- 
tion of  a  paper  it  is  finally  rejected  by  the  Society.  The  answer  to 
this  objection  is  that  the  interests  of  the  profession — of  the  Society  as 
a  whole — are  more  important  than  the  interests  of  any  individual. 
If  oiu*  Society  finds  itself  obliged  to  reject  an  offered  paper,  its  author 
is  at  Uberty  to  seek  publication  throuj^  other  channels. 

There  are,  however,  certain  papers  which  by  reason  of  great  length, 
or  because  they  appeal  only  to  some  small  branch  of  the  profession, 
would  not  be  accepted  by  any  journal  published  by  private  enterprise 
and  are  for  the  same  reasons  undesirable  for  our  Society  publications. 
We  believe  that  certain  papers  of  this  class,  where  they  contain  ma- 
terial which  ought  in  some  form  to  be  made  available  for  record,  can 
be  treated  in  the  way  which  has  long  been  practiced  by  the  Institu- 
tion of  Civil  Engineers  of  Great  Britain.  That  is,  the  paper  as  a 
whole  can  be  filed  in  the  Society's  library  for  reference,  and  either 
its  title  only  or  some  brief  summary  of  the  writer's  conclusions  and 
recommendations  can  be  published  in  the  Society's  Journal. 

By  proper  adoption  of  such  a  policy  it  should  be  possible  for  the 
Society  to  increase  the  number  and  variety  of  papers  in  its  Trans- 
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actions  without  increasing  the  bulk  and  expense  of  the  volume. 
All  of  which  is  respectfully  submitted. 


Charlbs  Whiting  Baker, 

Chairman 
W.  E.  Hall 
Wm.  H.  Bryan 
l.  r.  pomerot 
Charles  E.  Lucre 


The  Membership  Cobcmittee 


Meetings 
CammiUee 


The  Membership  Committee  has,  during  the  year,  considered  399 
applications  for  membership. 
It  has  recommended  that  there  be  placed  on  the 

Spring  Ballot  139  names 

Fall  Ballot 190  names 

Total  on  Ballot 329  names 

It  has  not  recommended 68  names 

Total 397  names 

Of  the  329  recommended  for  ballot,  289  were  new  candidates  for 
membership  and  40  were  promotions. 

There  are  87  applications,  which  have  come  in  since  the  list  was 
prepared  for  the  Fall  Ballot,  which  have  not  been  considered  by  the 
Committee. 

The  experience  of  the  past  five  years  under  the  new  Constitution 
has  brought  forcibly  to  the  attention  of  the  Committee  several  ques- 
tions. 

The  question  which  has  given  the  Committee  probably  the  greatest 
trouble  relates  to  CIO  of  the  Constitution  which  attempts  to  define 
the  qualifications  of  an  Associate. 

CIO,  as  written,  seems  to  call  for  three  different  cUuses  of  Associates. 

a  Men  who  would  be  qualified  to  be  Members,  if  they  were 
old  enough. 

b  Men  who  would  be  ''  competent  toiiake  charge  of  engineer- 
ing work"  but  supposedly  not  ^Responsible"  charge. 

c  Men  who  would  be  qualified  to  "  co5perate  with  engineers. " 

These  three  classes  in  one  grade  lead  to  confusion  in  the  minds  of 
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the  Committee  and  must  also  be  confusing  to  the  members  of  the 
Society. 

It  is  the  opinion  of  the  Committee  that  CIO  of  the  Constitution 
should  be  rewritten  so  as  to  make  it  more  consistent  and  more  ex- 
plicit. 

The  Associate  grade  should  not  be  a  mere  stepping  stone  from]^the 
Junior  to  the  Member  grade.  The  minimum  age  of  the  Associate  and 
Member  should  be  the  same,  namely  30  years.  Persons  should  not  be 
received  into  the  Society  as  Juniors  who  are  over  30  years  of  age. 

The  average  age  of  Juniors  on  this  fall's  ballot  is  about  25.5  years. 
The  average  Junior  will  therefore  have  to  wait  only  4.5  years  before 
he  can  apply  for  promotion;  but  during  that  time  he  will  probably 
have  decided  on  bis  career  and  will  be  able  to  state  his  experience 
and  qualifications  so  that  the  Committee  can  decide  intelligently 
whether  to  recommend  him  for  Member  or  Associate. 

It  is  the  opinion  of  the  Committee  that  CIO  of  the  Constitution 
should  be  so  worded  as  to  include  that  large  class  of  men  who,  while 
not  engineers,  may,  by  reason  of  their  connection  with  science,  the 
arts  or  industries,  or  engineering  construction,  contribute  to  the 
advancement  of  professional  knowledge  in  engineering. 

The  number  of  Associates  should  be  limited  to  40  per  cent  of  the 
total  voting  membership. 

The  Committee  recommends  the  following,  to  take  the  place  of  the 
present  CIO,  of  the  Constitution,  as  embodying  its  views. 

"ClO  An  Associate  shall  be  30  years  of  age  or  over.  He  must  have  been 
so  connected  with  some  branch  of  Engineering,  or  Science,  or  the  Arts,  or  In- 
dustries, that  the  Council  will  consider^him  qualified  to  cooperate  with  engineers 
in  the  advancement  of  professional  knowledge.    He  need  not  be  an  engineer.'' 

The  Committee  also  recommends  the  following  to  be  added  at  the 
end  of  Cll  of  the  Constitution. 

"A  person  who  is  over  30  years  of  age  cannot  enter  the  Society  as  a  Junior." 

The  Committee  particularly  calls  the  attention  of  members  of  the 
Society  who  are  supporting  applicants  for  membership,  to  the  desir- 
ability of  giving  information  about  such  applicants  as  is  within  their 
personal  knowledge,     ^^ Hearsay**  information  is  of  very  little  value 
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to  the  Committee  in  determining  the  fitness  of  an  applicant  for 
membership. 

.Respectfully  submitted 


Jesse  M.  Smith,  Chairman  ' 
Henry  ,D.  Hibbard 
C.  R.  Richards 
Francis  H.  Stillman 
Geo.  J.  FoRAN 


Memberahip 
CommiUee 


The  Publication  C!ommitteb 

The  Committee  has  examined  carefully  all  of  the  papers  presented 
at  the  meetings  of  the  Society  with  a  view  of  passing  upon  their  suit- 
ability for  publication  in  the  Transactions.  In  this  work  it  has  en- 
deavored to  maintain  the  dignity  of  the  Transactions,  and  to  this 
end  has  considered  it  its  duty  to  omit  any  objectionable  personalities 
that  might  be  found  in  the  papers  or  in  the  discussions  of  the  same. 
It  has  also  endeavored  to  omit  portions  of  papers  or  discussions  where 
this  could  be  done  without  eliminating  ideas  or  data. 

Proceeding  in  accordance  with  the  above  plan,  the  Committee 
has  found  it  advisable  to  omit  the  publication  of  several  papers,  and 
in  other  cases  has  eliminated  a  considerable  amount  of  matter  from 
the  text. 

COMBINBD  SUMMARY  OF  COST  OF  VOLUMES 


Volume 
number 

Year 

Total 
ooet 

Coft 
omitting 
adTanoe 
xmpera 

and 
reviles 

Advance 
papen 

Revised 
papers 

Num- 
berof 
copies 

?Jum- 
berof 
pages 

Total 
cost 
per 
copy 

Total 

ooat 

per  100 

pages 

10 

1808 
1800 
1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007* 

$10,073 
0.643 
12,708 
12,740 
10,678 
15.470 
15.146 
11.830 
14.546 
18.030 

2250 
2300 
2500 
2600 
2600 
2700 
3000 
3300 
3750 
4000 

1033 

1035 

1177 

1164 

878 

1563 

1155 

841 

000 

081 

$4.87 
4.10 
5.12 
4.00 
4.10 
5.62 
5.04 
3.58 
4.14 
4.73 

$0,471 

20 
21 
22 
23 
24 
25 
26 
27 
28 

0.408 

0.435 

0.421 

$8,730 
12.080 
11.006 

8.417 
10.127 

0.025 

$1,240 
1.301 
2.864 
2.650 
2.678 

$600 
2.008 
1.276 
763 
1.741 

0.467 
0.350 
0.436 
0.425 
0.414 
0.482 

*$18  030  includes  cost  of  Proeeedingi  from  October.  1.  1006.  to  September  80.  1007,  also 
the  cost  of  Transactions  from  October  1. 1006,  to  December  31. 1006.  Previous  to  the  pub- 
lication of  Volume  23.  no  separate  accounts  were  kept  for  Transactions,  the  mtnm  beiiic 
included  in  general  e3q>ense  for  printing. 
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The  Committee  has  made  no  endeavor  to  check  up  the  detailed 
expenditures  involved  in  publishing  the  Transactions,  but  has  had 
the  Secretary  tabulate  the  expenditures  involved  in  printing  the 
Transactions  for  the  last  and  previous  years.  The  results  of  the  tab- 
ulation are  shown  in  the  accompanying  table. 

The  costs  given  in  the  table  include  the  amount  expended  in 
bringing  out  advance  papers  before  the  Proceedings  took  their  place, 
so  that  the  figures  given  include  the  expense  of  all  the  printing  charges 
in  preparing  the  Transactions.  The  costs  for  Vol.  28  are  in  some  cases 
estimated,  whereas  all  the  figures  for  other  years  represent  the  amount 
actually  expended.  It  may  be  noted  that  the  total  cost  for  Vol.  28  is 
higher  than  for  the  preceding  years.  This  is  accounted  for  by  the 
large  number  of  folders  in  this  volume,  and  by  the  fact  that  additional 
expense  items  are  included  to  cover  certain  editorial  work  made  neces- 
sary through  a  change  in  the  form  of  the  Proceedings. 

Respectfully  submitted 

D.  S.  Jacobus,  Chairman 
Fred  J.  Miller 
Walter  B.  Snow 
H.  W.  Sp angler 
H.  F.  J.  Porter 


PiMicaHon 
Committee 


The  Library  Gommittbe 

During  the  past  year  the  conduct  of  the  Library  has  been  modified 
to  the  extent  that  the  administration  has  been  placed  in  the  hands 
of  a  Chief  Librarian  in  common  with  the  libraries  of  the  American 
Institute  of  Mining  EJngineers  and  the  American  Institute  of  Electri- 
cal Engineers.  All  employees  are  paid  by  the  United  Engineering 
Society,  this  expense  being  distributed  among  the  Founder  Societies. 
This  action  is  in  accordance  with  the  action  of  the  Council  and  the 
Detroit  meeting,  pursuant  to  recommendation  made  by  the  Chair- 
man of  the  library  Committee  after  conference  with  the  Chairman 
of  the  Founder  Societies  and  the  Trustees  of  the  United  Engineering 
Society.  At  the  Detroit  meeting  the  Council  adopted  the  following 
resolutions: 

First:  That  the  administration  of  the  library  be  placed  in  the  hands  of  the 
chief  librarian,  all  employees  of  the  library  to  be  subject  to  the  direction  of  the 
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said  diief  Ifbrarian.  It  was  agreed  that  Miss  L.  E.  Howard  should  be  appointed 
chief  librarian. 

Second:  That  each  new  employee  in  the  library  shall  be  approved  both  by  the 
authorised  representative  of  the  Founder  Societies  interested,  and  by  the  chief 
librarian. 

Third:  In  the  event  of  any  employee  not  being  satisfactory  to  said  represen- 
tative of  the  Founder  Societies  interested,  or  to  the  diief  librarian,  the  fact  shall  be 
reported  by  the  chief  librarian  to  the  House  Committee,  which  shall  have  the 
power  to  act. 

Fourth:  That  in  the  absence  of  the  diief  librarian,  the  House  Committee 
shall  have  the  ri^t  to  specify  an  employee  of  the  library  to  act  as  diief  librarian, 
during  such  period  of  absence. 

Fifth:  That  the  United  Engineering  Societies  be  requested  to  pay  the  salaries 
of  all  the  library  employees,  and  the  amount  to  be  repaid  by  the  Founder  Societies 
respectively  shall  be  distributed  in  such  proportion  as  may  be  jointly  agreed  upon . 

This  action  relates  solely  to  the  administration  of  the  Library,  the 
acquisition  and  ownership  of  the  books  remaining  wholly  with  the 
Society. 

A  gratifying  number  of  books  has  been  acquired  by  purchase  during 
the  year. 

The  Society  has  received  from  Prof.  John  E.  Sweet,  Past-Presi- 
dent and  Honorary  Member  of  the  Society,  an  original  copper-plate 
impression  of  the  Certificate  of  Membership  in  the  Insurance  Society 
of  the  Steam  Engine  Works  of  Messrs.  Boulton  &  Watt  at  Birmingham 
also  a  photograph  of  Watts'  workroom  at  Heathfield  Hall  where  this 
certificate  was  discovered.  Mr.  H.  H.  Suplee,  Member  of  the  Society, 
has  presented  a  photograph  of  the  original  letter  of  Robert  Fulton 
oflfering  the  steamboat  to  the  French  government  in  1803,  together 
with  a  photograph  of  the  drawing  which  accompanied  it. 

Mr.  Henry  R.  Towne,  Past-President  of  the  Society,  and  Chairman 
of  the  Mechanical  Engineers  Library  Association  presented  150  books 
to  the  Library.  Many  of  these  books  were  originally  in  the  Library 
of  Mr.  Towne's  father,  John  H.  Towne,  and  are  especially  interesting 
as  early  works  on  engineering.  A  complete  list  was  published  in  the 
Proceedings  of  January,  1908. 

Mrs.  Annie  M.  Forney  presented  to  the  Library  the  collection  of 
engineering  books  which  belonged  to  her  husband,  the  late  Matthias 
Nace  Forney.  The  collection  includes  158  books  on  engineering  sub- 
jects, 19  handbooks,  many  volumes  of  Transactions  of  engineering 
societies  and  bound  volumes  of  periodicals;  also  portraits  of  George 
Westinghouse,  Charles  R.  Johnson  and  Howard  Fay,  and  a  photo- 
graph of  a  Baldwin  locomotive.  A  complete  list  of  the  books  was 
published  in  the  April  1908  Proceedings. 
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Henry  Harrison  Suplee,  Clwdrman  of  the  Library  Committee  of 
this  Society,  gave  to  the  library  a  collection  of  sixty  books  compris- 
ing miscellaneous  works  and  a  full  set  (36  volumes)  of  the  Interna- 
tional Library  of  Technology.  A  complete  list  was  published  in  the 
November  1908  Journal. 

It  is  to  be  hoped  that  other  members  of  the  Society  will  imitate 
these  examples  and  make  the  Libr^uy  the  place  for  the  deposit  and 
preservation  of  books  and  engineering  reUcs  of  value  and  interest. 
Gifts  are  especially  desired  of  back  numbers  and  volimies  of  period- 
icals to  complete  thr  sets  now  in  the  library,  and  an  examination  of 
the  printed  list  of  the  sets  now  in  the  library  will  enable  the  gaps  to 
be  ascertained.  Technical  and  engineering  books  are  always  welcome 
and  any  communications  ^addressed  to  the  Secretary  of  the  Society 
upon  these  matters  will  be  referred  to  the  proper  individuals  for  atten- 
tion. 

At  the  present  time  the  Libr^uy  receives  163  periodicals  in  exchange 
for  its  publications,  and  40  periodicals  as  gifts. 

The  members  of  the  Founder  Societies  should  impress  upon  them- 
selves the  large  opportunity  for  information  and  research  afforded  by 
the  Library  of  the  Engineering  Societies. 

It  has  a  collection  of  60  000  volumes  of  scientific  and  engineering 
works,  and  450  current  technical  journals  and  magazines  of  Europe 
and  America  are  readily  accessible  on  the  files  of  the  reading  room. 
The  library  is  open  every  day  except  Sundays  and  holidays  from 
9  a.m.  to  9  p.m.  and  librarians  are  constantly  in  attendance  who  will 
assist  in  finding  information  which  the  members,  and  users  of  the 
library  may  not  be  able  to  locate. 

A  feature  which  is  of  continuous  service  is  a  file  of  trade  catalogues. 
An  index  to  this  file,  both  by  subject  and  firm  name,  is  kept,  to  make 
the  information  easily  accessible. 

Members  are  requested  to  recommend  the  purchase  of  books 
not  in  the  library  which  in  their  opinion  would  add  to  its  reliable 
resources.  Cards  are  kept  at  the  librarian's  desk  for  that  purpose 
and  such  recommendations  to  purchase  are  immediately  transmitted 
to  the  Library  Committee  for  consideration. 

Members  should  invite  their  friends  in  the  profession  to  make  use 
of  the  library.  Such  a  storehouse  of  information  should  be  largely 
consulted  and  freely  used  for  the  advancement  of  science  and  engi- 
neering. The  fact  that  it  is  a  reference  library  free  to  all  should  be 
generfdly  advertised. 

The  equipment  and  facilities  of  the  library,  located  as  it  is  in  the 
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headquarters  of  engineering — ^in  a  fireproof  building  with  every  con- 
venience for  indexing  and  caring  for  its  gifts — must  recommend  it 
to  friends  who  wish  to  place  scientific  and  engineering  literature  or 
valuable  engineering  relics  where  they  will  be  of  the  widest  enduring 
influence. 

It  is  maintained  as  a  free  reference  library  and  with  the  idea  of 
being  of  the  greatest  use  and  benefit  to  the  profession,  regardless  of 
society  affiliations.  Librarians  are  always  in  attendance  to  give 
assistance  injocating  information,  and  it  is  the  expressed  aim  of  the 
Engineering^Societies  to  make  it  of  permanent  and  ever-increasing 
service. 

At  the  present  time  the  Library  Development  Fimd  amounts  to 
$4902.71  and  the  income  for  the  year  just  ended  was  S166.01.  The 
Weeks  legacy  is  S1967.00,  yielding  an  income  of  168.49  for  the  fiscal 
year.  These  items  of  income  have  been  used  for  the  purchase  of  new 
books. 

The  Committee  desire  to  place  on  record  their  appreciation  of  the 
work  of  Miss  Isabel  Thornton,  the  Librarian  of  the  Society  for  the 
past  thirteen  years,  who  resigned  her  connection  with  the  library  in 
October  last. 

At  a  meeting  of  the  Council  of  the  Society  November  10,  a  vote 
of  thanks  to  Miss  Thornton  for  her  long  and  valued  services  was 
passed,  and  she  carries  with  her  the  best  wishes  of  all  the  members 
of  the  Society. 

Respectfully  submitted 

H.  H.  SuPLBE,  Chairman 

A.  W.  Howe 

Ambbosb  Swasbt 

Leonard  Waldo 

G.  M.  Basford 

REPORTS  OF  SPECIAL  COMMITTEES,  1908 
The  Society's  Land  Problem 

At  the  amiual  meeting,  December  1907,  in  New  York,  there  was  pre- 
sented the  report  of  the  special  committee  appointed  to  raise  funds  to 
pay  the  Society's  share  of  the  cost  of  the  land  on  which  the  new  build- 
ing stands. 

By  this  report,  which  was  placed  before  all  the  membership  in  the 
Proceedings  for  December  (p.  529),  it  is  seen  that  of  the  total 
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amount  so  far  raised  $55  500  has  come  from  manufacturing  concerns 
who  were  asked  to  contribute  on  the  ground  of  their  interest  in  mechan- 
ical engineering  and  the  work  of  the  Society;  the  members  having  sub- 
scribed up  to  that  time  a  total  of  $15  500. 

The  complete  list  of  subscriptions  received  from  manufacturing  and 
other  firms,  as  it  now  stands,. is  contained  in  the  appendix  to  this 
report. 

As  stated  in  the  report  referred  to  above,  the  present  is  not  a  favor- 
able time  for  subscriptions  from  manufacturing  firms.  We  shall  prob- 
ably secure  a  few  more  of  such  subscriptions  but  it  would  seem 
as  though  the^membership  ought  to  do  much  more  than  has  so  far 
been  done.  As  it  now  stands  only  about  7  per  cent  of  the  member- 
ship has  subscribed.    These  are  listed  in  the  appendix.* 

Of  those  members  who  have  not  subscribed,  a  number  have  written 
the  committee,  expressing  sympathy  with  the  work  but  regretting  their 
inability  to  subscribe.  This  leaves  a  very  large  proportion  of  the 
membership  from  which  no  reply  has  been  received. 

It  would  seem  that  every  member  of  the  Society  ought  to  be  suffi- 
ciently interested  in  the  Society's  welfare  to  make  response  to  such 
an  appeal  in  its  behalf. 

The  number  of  members  who  have  not  subscribed  being*about  2900, 
and  there  being  yet  to  raise  $73  600;  if  those  members  who  have  not 
yet  subscribed  will  subscribe  an  average  of  $25.38  each,  the  debt  will 
be  lifted  from  the  Society  and  it  will  be  free  to  devote  its  income 
entirely  to  lines  of  activity  already  inaugurated  or  in  process  of 
planning,  which  will  enhance  the  value  of  membership,  especially  for 
those  who  live  at  a  distance  from  the  headquarters. 

A  subscription  does  not  necessarily  imply  immediate  payment  but 
only  a  promise  to  pay  at  such  time  or  times  as  may  be  convenient  for 
the  subscriber. 

It  is  earnestly  hoped  that  every  member  who  reads  this  will  give  it 
his  most  careful  attention;  that  he  will  not  merely  send  in  his  own  sub- 
scription, but  will  speak  to  other  members  about  it  and  urge  them  to 
subscribe  as  liberally  as  possible. 

There  are  undoubtedly  a  few  members,  who  for  one  perfectly  valid 
reason  or  another,  cannot  subscribe  the  amount  mentioned.  The 
deficiency  must  be  made  up  by  others  who  are  fortunately  able  to  sub- 
scribe more.  If  every  member  does  what  he  is  able  to  do  the  amount 
needed  will  be  quickly  raised. 

>  The  Society  by  vote  at  the  annual  meeting  decided  that  it  would  not  be 
advisable  to  publish  the  amounts  of  individual  subscriptions. 
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We  earnestly  ask  every  member  to  do  what  he  can  and  to  do  it  imme- 
diately. 

Fbed  J.  Miller,  Chairman 
James  M.  Dodge 
Robert  C.  McKinnet 


Land  and  Building 
Fund  CommiUee 


subscriptions  from  firms  and  corporations 

AUiB-ChalmersCo.,  Milwaukee,  Wis $1166.67 

Almond  Manufacturing  Co.,  T.  R.,  Brooklyn,  N.  Y 100. 00 

American  Locomotive  Co.,  New  York 7500.00 

American  Pulley  Co.,  Philadelphia,  Pa 300.00 

BabcockA  Wilcox  Co.,  The,  New  York 3000.00 

Baird  Machinery  Co.,  Pittsburg,  Pa 25 .  00 

Bettendorf  Axle  Co.,  Davenport,  Iowa 100 .00 

Beckford  Drill  and  Tool  Co.,  Cincinnati,  0 100.00 

Billings  &  Spencer  Co.,  The,  Hartford,  Conn 100.00 

Bradford  Machine  Tool  Co.,  Cincinnati,  0 50.00 

Bridgeport  Brass  Co.,  Bridgeport,  Conn 25.00 

Brown  &  Sharpe  Manufacturing  Co.,  Providence,  R.  1 1000.00 

Brownell  Co.,  Dayton,  0 50.00 

Buckle  Engine  Co.,  Salem,  0 100.00 

Bullard  Machine  Tool  Co.,  Bridgeport,  Conn 100.00 

Burrou^  Adding  Machine  Co.,  Detroit,  Mich 100.00 

Cadillac  Motor  Car  Co.,  Detroit,  Mich 50.00 

Cincinnati  Machine  Tool  Co.,  Cincinnati,  0 25.00 

Cincinnati  Milling  Machine  Co.,  Cincinnati,  O 250.00 

Cincinnati  Planer  Co.,  Cincinnati,  0 50.00 

Colt's  Patent  Fire  Arms  Manufacturing  Co.,  Hartford,  Conn 100.00 

Continental  Iron  Works,  Brooklyn,  N.  Y 1000.00 

Dreses  Machine  Tool  Co.»  Cincinnati,  0 50.00 

Ellsworth  A  Co.,  J.  W 3.33 

Engineering  Magazine,  New  York 300.00 

Engineering  News,  New  York 250.00 

Engineering  Record,  New  York 1000.00 

Ferracute  Machine  Co.,  Bridgeton,  N.  J 100.00 

FletcherCo.,  W.  A  A.,Hoboken,N.  J 100.00 

Gisholt  Machine  Co.,  Madison,  Wis 200.00 

Gleason  Works,  Rochester,  N.  Y 100.00 

Hayes  Manufacturing  Co.,  Detroit,  Mich 25.00 

Heine  Safety  Boiler  Co.,  St.  Louis,  Mo 300.00 

Hess-Bright  Manufacturing  Co.,  Philadelphia,  Pa 500.00 

HiU  Publishing  Co.,  New  York 2500.00 

Houston  Stanwood  A  GambleCo.,  Cincinnati,  0 100.00 

Industrial  Press,  The,  New  York 500.00 

Jenkins  Bros.,  New  York 250.00 

Kennedy  Valve  Manufacturing  Co.»  The,  Cozsaokie,N.  Y 50.00 
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LeBlond  Machine  Tool  Co.,  R.  K.,  Cincinnati,  O $100.00 

lidgerwood  Manufacturing  Co.,  New  York 500.00 

Link-Belt  Co.,  Philadelphia,  Pa 2000.00 

littlefordBroe., 25.00 

LooomobileCo.  of  America,  The.,  Bridgeport,  Conn 100.00 

Lodge  A  Shipley  Machine  Tool  Co.,  Cincinnati,  O 200.00 

Lucas  Machine  Tool  Co.,  Cleveland,  O 50.00 

Lunkenheimer  Co.,  Cincinnati,  O 250.00 

Mcintosh  Se3rmour  ACo.,  Auburn,  N.  Y 100.00 

Machold  A  Riddell,  Philadelphia,  Pa 50.00 

MesBnick  Manufacturing  Co.,  Detroit,  Mich 25.00 

Moore&Co.,Cha8.  C,  San  Francisco,  Cal 250.00 

Niles.Bement-PondCo.,New  York 5000.00 

Quintardlron  Works  Co.,  New  York 100.00 

Roe  Stephens  Manufacturing  Co.,  Detroit,  Mich 25.00 

SeUers  A  Co.,  Ino.,Wm.,  Philadelphia,  Pa 1000.00 

Solvay  Process  Co.,  Syracuse,  N.  Y 5000.00 

Triumi^  Electric  Co.,  Cincinnati,  0 50.00 

Underwood  Typewriter  Co.,  Hartford,  Conn 100.00 

Union  Twist  Drill  Co.,  Athol,  Mass 100.00 

United  Engineering  A  Fdy.  Co.,  Pittsburg,  Pa 500.00 

Ward's  Engine  Works,  Charleston,  W.  Va. 150.00 

Watson-StillmanCo.,New  York 500.00 

Westing^ouse  Elec.  &  Manufacturing  Co.,  Pittsburg,  Pa 16  667.67 

Whitn^  Manufacturing  Co.,  Hartford,  Conn *.  50.00 

Wiley  A  Sons,  John,  New  York 100.00 


OTHER  CONTRIBUTORS 


Abbott,  W.  L.,  Chicago,  IlL 
Abercrombie,   J.   H.,  Newark,  N.  J. 
Affleck.  H.  W.,  Philadelphia,  Pa. 
Alden,  G.  I.,  Worcester,  Mass. 
Allen,  W.  M.,  Geveland,  O. 
Andrew,  James  D.,  Boston,  Mass. 
Appleton,  Wm.  D.,  Biichoacan,  Mesdco 
Baldwin,  Stephen  W.,  Brookline,  Mass. 
Bancroft,  J.  Sellers,  Philadelphia,  Pa. 
Barnes,  S.  G.,  Detroit,  Mich. 
Barth,  Carl  G.,  Philadelphia,  Pa. 
Bartlett,  Henry,  Cambridge,  Mass. 
Bates,  A.  H.,  Cleveland,  O. 
Bates,  Edward  P.,  Syracuse,  N.  Y. 
Baush,  Wm.  M.,  Springfield,  Mass. 
Baylis,  A.  R.,  Flatbush,  N.  Y- 
Beck,  James  D.,  New  Orleans,  La. 
Bilgram,  Hugo,  Philadelphia,  Pa. 
Bitterlich,  Walter  J.,  Roxbuiy,  Mass, 


Borden,  Wm.  H.,  Cordova,  Alaska 
Boyer,  F.  H.,  Somerville,  Mara. 
Brandon,  Geo.  R.,  Chicago,  HI. 
Breckenridge,  L.  P.,  Urbana,  Til. 
Brill,  Geo.  M.,  Chicago,  111. 
Brown,  A.  E.,  Cleveland,  O. 
Brown,  Alex.  T.,  Sjrracuse,  N.  Y. 
Brush,  Chas.  F.,  Geveland,  O. 
Buckl^,  John  F.,  Kansas  City,  Mo. 
Burlingame,  L.  D.,  Providence,  R.  I. 
Bums,  A.  L.,  New  York. 
Burton,  J.  Harry,  Galesburg,  111. 
Caracristi,  V.  Z.,  Richmond,  Va. 
CarlBson,  C.  A.  V.,  Indianapolis,  Ind. 
Chen^,  W.  L.,  Cleveland,  O. 
Christie,  W.  Wallace,  Paterson,  N.  J. 
Clegg,  Robt.  I.,  Cleveland,  O. 
Clemens,  Chas.  W.,  Birdsboro,  Pa, 
Colen^an,  E.  P.,  Buffalo,  N.  Y. 
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Conard,  Wm.  R.,  Burlington,  N.  J. 
Cookei  Harte,  Auburn,  N.  Y. 
Core,  W.  Wallace,  Newark,  N.  J. 
Cox,  J.  D.,  Cleveland,  O. 
Cromwell,  J.  C,  Cleveland,  O. 
Daugherty,  S.  B.,  Buffalo,  N.  Y. 
Doty,  Paul,  St.  Paul,  Minn. 
Dow,  Alex,  Detroit,  Mich. 
Duncan,  J.  D.  E.,  New  York 
Dunn,  J.  W.,  New  York 
Edson,  Jarvis  B.,  New  York 
Ferguson,  J.  W.,  Paterson,  N.  J. 
Ferry,  C.  H.,  New  York 
Fleming,  Henry  S.,  New  York 
Flinn,  Thoe.  C,  Elmira.  N.  Y. 
Flint,  Walter,  Port  Deposit,  Md. 
Foote,  A.  W.,  Cleveland,  O. 
Freeman,  John  R.,  Providence,  R.  I. 
Freeman,  S.  E.,  East  Mauch  Chunk,  Pa. 
French,  E.  V.,  West  Lynn,  Mass. 
Fritz,  John,  Bethlehem,  Pa. 
Fuchs,  Ernesto,  Guadalajara,  Mexico 
Gabriel,  Wm.  A.,  Elgin,  III. 
Gaehr,  David,  Cleveland,  O. 
Gamper,  H.,  Columbus,  O. 
Gardiner,  A.  J.,  Jr.,  Providence,  R.  I. 
Gately,  P.  J.,  New  York 
Gates,  P.  W.,  Chicago,  111. 
Glasgow,  A.  G.,  London,  S.  W.,  EIngland 
Goss,  W.  F.  M.,  Urbana,  III. 
Green,  W.  O.,  Chicago,  111. 
Guckel,  Chas.  H.,  Cristobel,  Canal  Zone 
Guelbaum,  David,  Syracuse,  N.  Y. 
Harrington,  N.  T.,  Lansing,  Mich. 
Hartness,  James,  Springfield,  Vt. 
Haskell,  B.,  Franklin,  Pa. 
Haaard,  F.  R.,  Syracuse,  N.  Y. 
Heaton,  H.  C,  Chicago,  111. 
Hecker,  H.  A.,  Newport ,  Ky. 
Helmes,  M.  J.,  New  York 
Henderson,  Richard,  Salisbury,  N.  C. 
Henry,  Geo.  J.,  Jr.,  San  Francisco,  Cal. 
Herbert,  Chas.  G.,  Detroit,  Mich. 
Hibbard,  Henry  D.,  Plainfield,  N.  J. 
Higgins,  Milton  P.,  Worcester,  Mass. 
HiU,  Harold  H.,  Cleveland,  O. 
Hinchman,  C.  R.,  Cleveland,  O. 
Holcomb,  A.  E.,  Chica^,  III. 


Holeman,  L.  A ,  Cleveland,  O. 
HoUoway,  H.  F.,  Montclair,  N.  J. 
Hosmer,  Sidney,  Boston,  Mass 
Hulett,  Frank  E.,  Cleveland,  O. 
Hulett,  G.  H.,  Cleveland,  O. 
Hunt,  Chas.  W.,  New  York 
Hunter,  Geo.  E.,  Elgin,  111. 
Huson,  W.  S.,  Derby,  Conn. 
IdeU,  Frank  E.,  New  York 
Isham,  Henry  S.,  New  York 
Jackson,  D.  C.,  Boston,  Mass. 
Jacobus,  D.  S.,  New  York 
Jenks,  R.  P.,  Providence,. R.  I. 
Jones,  Horace  K.,  New  Britain,  Conn. 
Katte,  E.  B  ,  New  York 
Kelley,  Fred  W.,  Albany,  N.  Y. 
Kennedy,  F.  L.,  Cambridge,  Mass. 
Kent,  J.  M.,  Kansas  City,  Mo. 
Kimber,  G.  A.,  Chicago,  111. 
Kirby.  Frank  E.,  Detroit,  Mich. 
Kirchhoff ,  Charles,  New  York 
Kwang  Kwong  Yung,  lin-Tcheng  Sien, 

North  China 
Laird,  W.  G.,  New  York 
Lane,  Henry  M.,  Cleveland,  O. 
Langer,  P.,  Aachen,  Germany 
Lardner,  Henry  A.,  New  York 
Larsson,  T.  L.  F.,  Worcester,  Mass. 
Lauder,  Geo.  B.,  Concord,  N.  H. 
Leland,  Henry  M.,  Detroit,  Mich. 
Leonard,  E.  I.,  London,  Canada 
Lewis,  Wilfred,  Philadelphia,  Pa. 
Little,  Chas.  H.,  East  Cleveland,  0. 
Lobben,  Peder,  Holyoke,  Mass. 
Loring,  Chas.  H,  Brooklyn,  N.  Y. 
Lyall,  Wm.  L.,  Passaic,  N.  J. 
McMilUn,  Emerson,  New  York 
MacArthur,  Robert,  Jr.,  Now  Haven, 

Conn. 
Magruder,  Wm.  T.,  Coliunbus,  O. 
Main,  Charles  T.,  Boston,  Mass. 
Malvern,  L.  K.,  Elgin,  III. 
Manning,  C.  H.,  Manchester,  N.  H. 
Martell,  L.  H.,  Philadelphia,  Pa. 
Martin,  F.  S.,  Pittsburg,  Pa. 
Marx,  Henry,  Cincinnati,  O. 
Mason,  Wm.,  New  Haven,  Conn. 
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Mason,  Wm.  B.,   Dorchester  CeDter, 

Mass. 
Mattice,  A.  M.,  S.  Boston,  Mass. 
Mauiy,  Dabney  H.,  Peoria,  111. 
Meaker,  Guy  L.,  Evanston,  111. 
Meier,  E.  D.,  New  York 
Melville,  Geo.  W.,  Philadelphia,  Pa. 
Menyweather,  G.  E.,  Cleveland,  O. 
Miller,  Fred  J.,  Center  Bridge,  Pa. 
MQler,  L.  B.,  Elizabeth,  N.  J. 
Miller,  Theo.  H.,  Poughkeepsie,  N.  Y. 
Mix,  E.  W.,  Paris,  Fiance 
Mocdler,  F.,  Cleveland,  O. 
Morgan,  R.  L.,  Worcester,  Mass. 
Morrison,  H.  S.,  Richmond,  Va. 
Mount,  W.  D.,  Saltville,  Va. 
Murphy,  B.  S.,  Jersey  City,  N.  J. 
Murphy,  John  K.,  New  Haven,  Conn. 
Murphy,  John  Z.,  Chicago,*  HI. 
Naegeley,  John  C,  Philadelphia,  Pa. 
Nate,  Emile  H.,  Newark,  N.  J. 
Neave,  P.  M.,  New  York 
Norris,  R.  v.,  Wilkesbarre,  Pa. 
Otis,  Spencer,  Chicago,  HI. 
Park,  W.  R.,  Boston,  Mass. 
Parkhurst,  F.  A.,  Bridgeton,  N.  J. 
Pettis,  C.  D.,  Chicago,  111. 
Philbrick,  Frank  B.,  Waterville,  Me. 
Piatt,  John,  New  York 
Poison,  J.  A.,  E.  Lansing,  Mich. 
Power,  Fred  M.,  Solvay,  N.  Y. 
Prather,  H.  B.,  Geveland,  O. 
Prescott,  F.  M.,  Milwaukee,  Wis. 
Price,  A.  M.,  Elgin,  HI. 
Quimby,  W.  E.,  New  York 
.Quint,  A.  D.,  Hartford,  Conn. 
Reed,  E.  Howard,  Worcester,  Mass. 
Rdd,  Marcellus,  Cleveland,  O. 
Reiss,  Geo.  T.,  Hamilton,  O. 
Rhoads,  G.  E.,  Altoona,  Pa. 
Rice,  Calvin  W.,  New  York 
Richter,  Ernst,  Cincinnati,  O. 
Rider,  Geo.  S.,  Cleveland,  O. 
Riggs,  John  D.,  Chicago,  III. 
Robeson,  A.M.,Johannesburg,  S.  Africa 
Roper,  Norman  B.,  Cudahy,  Wis. 
Sa]iB;ent,  Fredk.,  Chicago,  III. 
Satherberg,  Carl  H.,  Philadelphia,  Pa. 
Saunders,  W.  L.,  New  York 


SchaeflSer,  Joseph  C,  Boston,  Mass. 

Scheele,  John  M.  B.,  New  York 

Scheffler,  Fred.  A.,  Glen  Ridge,  N.  J. 

Schneider,  Paul  E.,  Garfield,  N.  J. 

Schulte,  G.  H.,  Milwaukee,  Wis. 

Schwarz,  F.  H.,  Lawrence,  Mass. 

Smith,  E.  J.,  Allentown,  Pa. 

Smith,  Jesse  M.,  New  York 

Smith,  Oberlin,  Bridgeton,  N.  J. 

Smith,  O.  G.,  Dayton,  O. 

Snow,  Wm.  G.,  Boston,  Idass. 

Snow,  Wm.  W.,  Hillburn,  N.  Y. 

Sprado,  Ralph,  Chicago,  111. 

Stanwood,  J.  B.,  Cincinnati,  O. 

Starbuck,  G.  F.,  New  Haven,  Conn. 

Stetson,  G.  R.,  New  Bedford,  Mass. 

Stevens,  John  A.,  Lowell,  Mass. 

Sulzer,  J.  Carl,  Winterthur,  Switzer- 
land 

Swasey,  Ambrose,  Cleveland,  O. 

Sweet,  John  E.,  Syracuse,  N.  Y. 

Symonds,  Nathaniel  G.,  Indianapolis, 
Ind. 

Terry,  C.  D.,  Kewanee,  HI. 

Thomas,  Charles  W.,  New  York 

Thompson,  A.  W.,  Manchester,  N.  H. 

Thomson,  John,  New  York 

Tompkins,  Stonewall,  MiUer  School, 
Va. 

Torrance,  Henry,  Jr.,  New  York 

Tower,  D.  W.,  Grand  Rapids,  Mich. 

Towle,  Wm.  M.,  Enosbuig  Falls,  Vt. 

Towns,  Henry  R.,  New  York 

Trump,  Edward  N.,  Syracuse,  N.  Y. 

Tufts,  Leonard,  Pinehurst,  N.  C. 

Turner,  John,  E.  Orange,  N.  J. 

Tuttle,  W.  B.,  San  Antonio,  Texas 

Tyler,  Chas.  C,  Hion,  N.  Y. 

Upson,  Maxwell,  New  York 

Van  Nostrand,  L.  G.,  Scranton,  Pa. 

Vauclain,  S.  M.,  Philadelphia,  Pa. 

Vaughan,  H.  H.,  Montreal,  Canada 

Veeder,  C.  H.,  Hartford,  Conn. 

Viola.  B.,  Brooklyn,  N.  Y. 

Waitt,  A.  M.,  New  York 

Wallace,  D.  A.,  Newark,  N.  J. 

Ward,  Charles  E.,  Charieston,  W.  Va. 

Warner,  W.  R.,  Geveland,  O. 

Warren,  John  E.,  Cumberland  Mills,Me. 
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Wehner,  Lewis,  Milwaukee,  Wis. 
Wellman,  8.  T.,  Qeveland,  O. 
Wesrmouth,  C.  R.,  San  FranoiBco,  Cal. 
Wheeler,  C.  H.,  Philadelphia,  Pa. 
Whitaker,  H.  E.,  Detroit,  Mich. 
White,  John  C,  Madison,  Wis. 
Whitehead,  George  E.,  Providence,  R.I. 
Whyte,  John  S.,  Glace  Bay,  Cape  Bre- 
ton, N.  S. 


Wick,  Henry,  Youngstown,  O. 
Wildin,  G.  W.,  New  Haven,  Conn. 
Willcox,  Charles  H.,  Westport.  Conn. 
Williamson,   Geoi^e   E.,   Bridgeport, 

Conn. 
Willis,  E.  J.,  Richmond,  Va. 
Wolf,  Fredk.  W.,  Chicago,  111. 
Woodbury,  C.  J.  H.,  Lynn,  Mass. 
Young,  John  P.,  Youngstown,  O. 


Digitized  by  VjOOQIC 


APPENDIX  TO  THE  REPORTS 

MEMORIAL  EXERCISES  FOR  LORD  KELVIN 

The  memorial  exercises  in  honor  of  Lord  Kelvin,  Hon.  Mem.  A.  I. 
E.  E.,  were  held  under  the  auspices  of  the  American  Institute  of 
Electrical  Engineers,  on  January  12.  This  Society  participated  and 
was  oflScially  represented  by  Rear- Admiral  Melville,  Andrew  Carnegie, 
B.  F.  Isherwood,  George  Westinghouse  and  Thomas  A.  Edison. 

Rear-Admiral  Melville,  who  was  one  of  the  speakers,  gave  an 
account  of  Lord  Kelvin's  work .  in  relation  to  the  Navy.  Other 
speakers  were  Dr.  Manning,  of  Trinity  Church,  and  Professor  Elihu 
Thomson,  who  spoke  of  Lord  Kelvin's  inventions  of  measuring  instru- 
ments, his  participation  in  the  determination  of  the  C.  G.  S.  system, 
and  in  the  electrical  development  of  Niagara. 

Mr.  George  G.  Ward,  Local  Hon.  Sec.  Institution  of  Electrical 
Engineers,  Great  Britain,  mentioned  Lord  Kelvin's  part  in  the  laying 
of  the  first  Atlantic  cable,  and  his  invention  of  the  syphon  recorder. 

Mr.  T.  C.  Martin  outlined  Lord  Kelvin's  interest  in  the  formation  of 
the  American  Institute  of  Electrical  Engineers,  and  Professor  E.  L. 
Nichols,  President  of  the  American  Association  for  the  Advancement 
of  Science,  gave  a  most  complete  address  on  the  work  of  Lord 
Kelvin  in  all  branches  of  science,  and  pronounced  him  the  greatest 
man  of  science  in  this  generation. 

PARTICIPATION  OF  THE  ENGINEERING  SOCIETIES  IN  THE   CON- 
FERENCE ON  THE  CONSERVATION  OF  OUR 
NATURAL  RESOURCES 

At  the  conference  on  the  Conservation  of  Natural  Resources  held 
at  the  White  House  in  Washingtoii,  May  13-15,  in  response  to  the 
invitation  of  the  President  of  the  United  States,  there  were  present 
the  Grovemors  and  their  appointed  delegates,  members  of  the  Cabinet 
and  Supreme  Court,  Senators,  Congressmen  and  representatives  of 
the  leading  engineering,  scientific  and  educational  societies  of  the 
country. 

The  four  national  engineering  societies  were  represented  by  their 
presidents  and  secretaries,  respectively:  Charles  Macdonald,  Presi- 
dent, and  Charles  Warren  Hunt,  Secretary,  of  the  American  Society 
of  Civil  Engineers;  John  Hays  Hammond,  President,  and  Dr.  Joseph 
Struthers,  Assistant  Secretary,  of  the  American  Institute  of  Mining 
Engineers;  M.  L.  Holman,  President,  and  Calvin  W.  Rice,  Secretary, 
of  The  American  Society  of  Mechanical  Engineers ;  and  Henry  G.  Stott, 
President,  and  Ralph  W.  Pope,  Secretary,  of  the  American  Institute 
of  Electrical  Engineers. 
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The  engmeering  and  technical  press  were  represented  by  Charles 
Whiting  Baker,  Editor,  Engineering  News;  Charles  Kirchhoff,  Editor, 
Iron  Age;  T.  C.  Martin,  Editor,  Electrical  World,  and  Walter  R. 
Ingalls,  Editor,  Engineering  and  Mining  Journal. 

The  engineering  profession  was  further  represented  by  the  following 
delegates,  chosen  either  by  the  Governors,  or  as  representatives  of 
organizations. 

Otto  von  Geldem,  California;  Thomas  W.  Jaycox,  Colorado;  Isham 
Randolph,  Illinois;  Lyman  E.  Cooley,  Illinois;  John  B.  Atkinson, 
Kentucky;  Col.  Jas.  A.  Ockerson,  Missouri;  J.  E.  Sirrine,  South  Caro- 
lina: Mem.  Am.  Soc.  C.  E. 

Paul  A.  Fusz,  Montana:  Mem.  Am.  Inst.  M.  E. 

Prof.  Geo.  F.  Swain,  Massachusetts;  Andrew  Carnegie,  New  York: 
Hon.  Mem.  Am.  Soc.  M.  R 

John  H.  Finney,  Georgia;  Alonzo  Gartley,  Hawaii;  J.  W.  Porter, 
Kentucky;  W.  C.  Barnes,  New  Mexico,  H.  S.  Putnam:  Mem.  Am. 
Inst.  E.  E. 

The  total  representation  by'members  of  the  four  national  engineer- 
ing societies  was  25. 

On  the  evening  of  May  12,  previous  to  the  convening  of  the  dele- 
gates at  the  conference,  a  dinner  was  tendered  to  the  presidents  of 
the  national  engineering  societies  and  representatives  to  the  Congress 
by  the  members  of  the  Washington  Society  of  Engineers,  in  coopera- 
tion with  other  engineers  of  Washington.  This  dinner  was  attended 
by  a  large  number  of  prominent  engineers  and  several  notable 
speeches  were  made  indicating  the  interest  of  the  engineers  in 
the  conservation  problem  and  their  desire  to  cooperate  in  every 
possible  way  for  the  preservation  of  the  country's  resources.  This 
Society  was  represented  at  the  dinner  by  President  M.  L.  Holman 
and  Secretary  Calvin  W.  Rice.    In  his  speech  President  Holman  said : 

The  engineering  profession  has  been  honored  by  invitations  to  the  four 
national  societies  to  be  represented  at  this  conference,  and  the  presidents  of  these 
societies  have  been  invited  to  participate.  The  event  is  one  which  will  be  recorded 
in  history,  and  the  result  of  the  conference  will  be  the  guideboard  marking  the 
fork  of  the  road,  where  the  nation  takes  the  road  leading  to  prosperity  or  continues, 
like  the  prodigal  son,  to  waste  its  inheritance  in  riotous  living. 

CONFBRENCB   AT  THB  WHITE  HOUSB 

The  conference  met  on  the  morning  of  May  13  in  the  East  Room 
of  the  White  House.  The  audience  of  about  400,  representative  of 
every  section  of  the  country  and  of  almost  every  professional  and 
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industrial  activity,  was  one  of  the  most  notable  and  distinguished 
ever  assembled. 

It  is  inevitable,  also,  that  it  will  mark  one  of  the  great  movements 
for  the  welfare  of  the  human  race. 

The  opening  address  by  the  President  sounded  a  new  note  in 
national  affairs:  an  appeal  for  the  perpetuity  of  the  nation,  the  welfare 
of  posterity  and  devotion  to  public  interest  by  the  present  generation. 
He  said: 

The  time  has  come  to  inquire  seriously  what  will  happen  when  our  forests  are 
gone,  when  the  coal,  the  iron,  the  oil  and  the  gas  are  exhausted,  when  the  soils  shall 
have  been  still  further  impoverished  and  washed  into  the  streams,  polluting  the 
rivers,  denuding  the  fields,  and  obstructing  navigation.  Any  right  thinking  father 
earnestly  desires  and  strives  to  leave  his  son  both  an  untarnished  name  and  a 
reasonable  equipment  for  the  struggle  of  life.  So  this  nation  as  a  whole  should 
earnestly  desire  and  strive  to  leave  to  the  next  generation  the  national  honor 
unstained  and  the  national  resources  imexhausted. 

The  first  session  was  devoted  to  the  Mineral  Resources  of  the  coun- 
try and  addresses  were  made  by  Andrew  Carnegie,  Hon.^Mem,  Am. 
Soc.  M.  E.,  on  ''The  Conservation  of  Ores  and  Related^Minerals;'' 
and  by  Dr.  I.  C.  White  on  "  The  Waste  of  our  Fuel  Resources. "  The 
general  discussion  was  opened  by  John  Mitchell. 

The  second  and  third  sessions  were  given  to  the  subject  of  Land 
Resources,  and  addresses  were  made,  by  James  J.  Hill  on  '*  The  Natural 
Wealth  of  the  Land  and  its  Conservation;"  by  Prof.  T.  C.  Cham- 
berlain on  "Soil  Wastage;"  by  R.  A.  Long  on  **  Forest  Conservation;" 
by  ex-Governor  GeorgeC.  Pardee  on  *  'Resources  Related  to  Irrigation ;" 
and  by  Hon.  H.  A.  Jastro  on  "Grazing  and  Stock  Raising."  The 
general  discaission  was  opened  by  ex-Senator  Carey. 

At  the  fourth  session  Water  Resources  were  discussed  and  formal 
opening  statements  were  made  by  Dr.  George  M.  Kober  on  "  Conserva- 
tion of  Life  and  Health  by  Improved  Water  Supply;"  by  Professor 
Emory  R.  Johnson  on  "Navigation  Resources  of  American  Water- 
wajrs;  by  H.  S.  Putnam,  Mem.  A.  I.  E.  E.,  on  "  Conservation  of  Power 
Resources. "    These  addresses  were  followed  by  a  general  discussion. 

The  final  session  was  devoted  to  general  discussion  of  the  subject 
of  the  Conservation  of  our  Natural  Resources. 

Mr.  Carnegie,  Honorary  Member  of  the  Society,  made  an  address 
of  which  we  give  a  short  r^sum^: 

From  1820,  the  date  of  the  beginning  of  active  coal  mining  in  the  U.  S.  until 
1895,  4  000  000  000  tons  were  mined  by  methods  so  wasteful  that  some  600  000- 
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000  tons  were  either  destroyed  or^owed  to  remain  in  the  ground  forever  inacces- 
sible. Between  1896  and  1906,  as  much  coal  was  taken  from  the  earth  as  during 
the  preceding  75  years  and  more  than  3  000  000  000  tons  were  destroyed  or  left 
in  the  ground  beyond  reach  of  future  use.  To  this  date  the  act\ial  consumption 
of  coal  has  been  over  7  500  000  000  tons;  the  waste  and  destruction  in  the  neighbor- 
hood of  9  000  000  000  tons. 

The  rate  of  the  consumption^of^coal  doubles  during  each  decade,  and  unless 
there  be  careful  husbanding,  or  revolutionizing  inventions,  or  some  industrial 
revolution,  the  greater  part  of  the  estimated  2  000  000  000  000  tons  of  coal  of 
our  original  heritage  will  be  gone  two  centuries  hence.  And  the  methods  of  con- 
suming coal  are  still  more  wasteful  than  the  processes  of  mining.  Not  more  than 
5  to  10  per  cent  of  the  potential  energy  is  actually  used;  the  remaining  90  to  95 
per  cent  is  absorbed  in  rendering  the  smaller  fraction  available  in  actual  work. 
In  electric  heating  and  lighting  plants,  it  is  much  more;  hardly  one-fifth  of  one 
per  cent  or  one  five-himdredth  part  of  the  energy  of  the  coal  is  actually  utilized. 
These  wastes  are  constantly  decreasing  through  the  development  of  gas-producers, 
internal  combustion  engines  and  steam  turbines,  but  not  so  rapidly  as  to  affect 
seriously  the  estimates  of  increase  in  coal  consiunption. 

He  touched  upon  the  production  of  iron,  copper,  zinc,  lead  and  silver,  stating 
that  as  the  rate  of  production  of  iron  doubles  each  decade,  by  1938  about  half  of 
the  original  supply  of  iron  ore  will  be  gone,  and  all  the  ore  now  deemed  workable 
will  be  used  long  before  the  end  of  the  present  century. 

Mr.  Carnegie  suggested  as  a  remedy  the  lessening  of  the  demands  upon  the 
products.  One  way  of  doing  this  is  to  substitute  water-carriage  for  rail-carriage. 
This  would  reduce  the  consmnption  of  iron  by  three-fourths  to  seven-eighths  in 
the  transportation  department  and  at  the  same  time  reduce  the  consiunption  of 
coal  for  motive  power  50  to  75  percent, with  a  corresponding  reduction  for 
smelting. 

The  use  of  concrete,  simple  and  reinforced,  is  decreasing  the  demand  for  iron 
for  structural  purposes,  and  the  internal  combustion  engines  and  gas  producers 
double  or  triple  the  power  per  unit  of  coal,  and  permit  the  use  of  lignite,  culm, 
slack  and  inferior  coals.  The  most  promising  check  on  coal  consumption  is  the 
substitution  of  other  power:  electrical  transmission  of  water  power  will  doubtless 
soon  affect  the  increasing  drain  on  our  coal. 

In  the  general  discussion  which  followed  the  reading  of  the  papers, 
Mr.  Calvin  W.  Rice,  Secretary  Am.  Soc.  M.  E.,  offered  the  following: 

Mr.  Prbsidbnt: 

The  Governor  of  Indiana  has  asked  a  question  which  I  think  should  be  very 
definitely  answered,  as  it  is  probable  there  are  other  gentlemen  who  are  also 
impressed  with  the  difficulties  expressed  by  him. 

For  instance,  the  Governor  asks  how  one  may  conserve  coal,  and  if  it  is  pro- 
posed to  stop  the  mining  of  coal.  I  answer,  absolutely  no.  The  American  people 
are  especially  quick  to  take  advantage  of  superior  methods  of  operation  and  it  is 
only  necessary  to  point  out  to  the  progressive  mine  operators  that  it  is  possible, 
by  improved  methods  of  mining,  to  seciu^  a  greater  percentage  of  the  coal  than 
they  are  now  mining.  For  instance,  the  Governor  of  Kentucky  has  stated  that 
the  average  number  of  deaths  from  accident  in  the  mines  of  one  of  the  large  opera- 
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ting  companies  of  his  State  is  only  one  death  per  million  tons  of  coal  as  compared 
with  six  deaths  per  million  tons  of  coal  on  the  average  in  the  United  States. 
In  order  to  secure  these  better  conditions  throughout  the  country,  therefore,  it  is 
only  necessary  to  assist  the  companies  in  other  states  to  approach  the  conditions 
imder  which  the  company  in  Kentucky  is  operating.  That  is  the  direct  benefit 
of  this  conference.  This  method  may  be  followed  in  the  conservation  of  all  our 
natural  resources. 

This  whole  subject  divides  itself  naturally  into  five  parts:  first,  inventory  of 
our  resources;  second,  discussion  of  the  problem;  third,  statement  of  remedies; 
fourth,  education  of  the  people;  fifth,  legislation. 

The  spirit  of  all  investigation,  statement  and  legislation  should  be  constmcHve 
rather  than  prohibitive.  That  is,  instead  of  demanding  that  there  shall  be  no  coal 
mined,  show  how  coal  can  be  mined  to  better  advantage;  show  how  to  design 
plants  which  shall  effectively  use  low  grade  fuels,  thus  making  a  market  for  the 
coal  now  left  in  the  earth,  benefiting  alike  the  operator,  the  miner,  and  the  user 
of  coal.    This  is  the  typical  answer  for  all  the  problems  of  this  kind. 

In  order  to  take  up  the  above  five  steps,  I  reconmiend  that  each  Governor 
immediately  appoint  a  conunission  composed  of  a  representative  citizen  from 
each  of  the  great  professions,  legal,  medical,  and  engineering,  for  securing  infor- 
mation, holding  hearings  and  promoting  discussion,  and  reporting  recommenda- 
tions to  the  Governor.  The  education  of  the  people  can  take  place  throiigh  the 
several  channels  available  to  the  Governor,  as  the  public  press,  associations,  the 
legislature,  or  otherwise. 

The  legislation  and  general  benefit  to  the  people  will  follow  as  a  matter  of 
course  after  this  complete  statement  before  the  public. 

Resolutions  were  offered  to  the  conference  by  the  presidents  of  the 
four  national  engineering  societies,  representing  approximately  20  000 
American  engineers,  as  follows: 

Washington,  D.  C,  Mat,  1908. 
The  imdersigned,  representing  approximately  20  000  American  engineers, 
respectfully  reconmiend  the  following  resolutions  for  adoption  by  this  CJonference: 

Charles  Macdonald, 

President,  American  Society  of  Civil  EIngineers. 
John  Hats  H.vmmond, 

President,  American  Institute  of  Mining  Engineers. 

MiNARD  LaFBVSR  HoLMAN, 

President,  American  Society  of  Mechanical  Engineers. 
Hjbnrt  Gordon  Stott, 

President,  American  Institute  of  Electrical  EIngineers. 

Resolved:  That  this  Conference  places  on  record  its  conviction  that  to 
conserve  and  protect' from  waste  and  destruction  the  natural  wealth  of  the  United 
States  in  mines,  forests,  lands,  and  waters  is  of  vital  necessity  to  the  public  wel- 
fare. Action  in  this  matter  has  been  too  long  delayed,  and  vast  loss  has  resulted 
in  consequence,  notably  in  the  destruction  wrought  by  forest  fires,  by  floods,  and 
ruin  of  land?  whose  fertility  and  crop-bearing  power  has  been  lost.    This 
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unfortunate  destruction  of  part  of  the  natural  wealth  with  which  this  virgin 
continent  was  originally  stored  makes  it  all  the  more  necessary  that  wise  action 
be  taken  to  check  further  loss. 

2  Though  it  recognizes  the  imperative  need  for  prompt  action,  this  Confer- 
ence is  impressed  with  the  difficulty  of  framing  legislative  acts  which  shall  result 
in  the  largest  measure  of  public  benefit.  The  problems  presented  are  many  of 
them  new  and  impreoedented.  It  is  probable  that  action  by  both  the  Federal 
Government  and  the  individual  States  will  be  eesentiali  and  it  may  also  be  possible 
by  suitable  laws  to  enlist  the  aid  of  private  enterprise.  But  to  decide  upon  the 
proper  distribution  of  responsibilty^and  to  frame  laws  which  shall  not  work  injury 
as  well  as  benefit,  are  matters  demanding  most  careful  study  and  investigation  by 
tnen  of  high  standing  and  expert  qualifications. 

3  While  certain  individual  measures  may  be  already  in  such  shape  that  action 
upon  them  may  wisely  be  taken,  this  Conference  holds  that  for  the  guidance  of 
legislators,  both  State  and  Federal,  a  thoroiigh  investigation  and  study  should  be 
made  by  National  and  State  Commissions  so  constituted  that  their  conclusions 
and  recommendations  will  be  everywhere  recognized  as  authoritative  and  made 
solely  in  the  public  interest. 

4  This  Conference,  therefore,  urges  upon  Congress  and  the  State  Legislatures 
the  enactment  of  laws  authorizing  the  President  and  thd  Governors,  respectively, 
to  create  National  and  State  Commissions  to  investigate  and  report  upon  what 
measures  should  be  taken  to  conserve  the  National  and  State  natural  resources. 

5  These  conmiissions  should  report  at  the  earliest  possible  date  consistent 
with  the  thorough  performance  of  their  work,  in  order  to  enable  the  President  and 
the  Governors  to  transmit  with  recommendations  their  reports  to  Congress  and 
the  State  Legislatures  for  such  action  as  may  seem  advisable  to  protect  our  natural 
resources  from  further  spoliation  and  destruction,  and  to  secure  such  economy 
in  their  use  as  will  preserve  for  coming  generations  the  foundations  of  prosperity. 

6  In  order  to  insure  the  harmonious  cooperation  of  all  the  Commissions, 
this  Conference  requests  the  President  to  call  another  National  Conference  at 
such  time  as  may  seem  most  advisable. 

7  To  secure  the  most  efficient  organization  for  handling  the  National  problem 
which  the  reports  of  these  Conmiissions  will  inevitably  raise,  this  Conference 
recommends  for  the  consideration  of  the  President  and  Congress  the  formation 
of  a  Department  of  Public  Works  to  which  these  and  other  engineering  matters 
could  be  referred  and  to  which  the  State  Commissions  could  apply  for  informa- 
tion and  assistance. 

The  resolutions  that  were  adopted  by  the  conference  were  broad  in 
their  scope,  high  in  their  ideals,  and  in  full  agreement  with  the  call 
to  future  prosperity  issued  by  the  President  and  the  notes  of  warning* 
sounded  by  those  responding.  They  advocated  commissions,  State 
and  National,  for  the  conservation  of  natural  resources,  and  laws  for 
the  protection  of  forests;  and  ended  with  the  strong  recommendation 
for  'Hbe  enactment  of  laws  looking  to  the  prevention  of  waste  in  the 
mining  and  the  extraction  of  coal,  oil,  gas,  etc. ,  with  a  view  to  their 
wise  conservation  for  the  use  of  the  people  and  to  the  protection  of 
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human  life  in  the  mines/'  closing  with  the  sentiment:  ''Let  ns  con- 
serve the  foundations  of  our  prosperity." 

The  Society  held  a  meeting  on  the  conservation  of  our  natural 
resources  in  April.  A  condensed  report  of  this  meeting  is  published 
fa  I  this  volume. 

AMENDBflSNTS  TO  THE  BY-LAWS  AND  RULES 

By-laws 

amendmbnt8  to  by-laws  44  and  45 

The  amendments  to  By-Laws  44  and  45  proposed  at  a  meeting 
of^the  Council  June  23,  were  confirmed  November  10.  The  amend- 
ments are  as  follows: 

B44  Omit  the  first  word  "that"  and  change  ''amended  and 
annulled"  to  "amended  or  annulled." 

B44  (That)  Standards  for  the  conduct  of  the  business  affairs  of 
the  Society,  of  its  professional  or  business  meetings  and  of  its  Com- 
mittees and  their  activities  may  be  established,  amended  or  annulled 
by  a  §  vote  of  the  members  of  the  Coimcil  present  at  a  meeting,  pro- 
vided that  a  written  notice  of  the  proposed  addition  or  change  may 
have  been  given  at  a  previous  meeting  of  the  Council,  and  provided 
further  that  the  Secretary  shall  have  sent  to  each  member  of  the 
Executive  Committee  (acting  as  a  Committee  on  Standards)  a  draft 
of  the  proposed  addition  or  change  at  least  two  weeks  prior  to  the 
meeting  at  which  they  are  to  be  voted  on. 

B45    Omit  the  first  word  "That." 

B45  (That)  Directions  for  the  conduct  of  the  business  affairs  of 
the  Society  may  be  established  by  the  Secretary  and  the  work  covered 
shall  be  carried  out  as  provided  by  these  Directions.  These  Directions 
may  be  added  to,  amended  or  annulled  by  the  Secretary,  but  it  shall 
be  his  duty  to  send  to  each  member  of  the  Executive^Committee 
(acting  as  a  Committee  on  Standards)  a  draft  of  the  change  before 
it  is  put  into  effect. 

BY-LAWS   46   TO   49 

At  a  meeting  of  the  Council  in  May  1906,  the  suggestion  to  form 
a  Research  Committee  was  made.  It  was  necessary  to  amend  C  45 
of  the  Constitution  before  the  Committee  could  be  created.  The 
amendment  was  passed  by  letter  ballot  closing  March  4,  1907.  The 
report  of  the  committee  on  rules  to  govern  the  Research  Committee 
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was  presented  to  the  Council  February  11,  1908,   and  confirmed 
March  10,  1908. 

B46  The  Research  Committee  shall  consist  of  five  Members, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the  com- 
mittee shall  expire  at  the  end  of  each  annual  meeting. 

B  47  This  committee  shall  have  supervision  of  such  research  or 
investigations  as  may  be  directed  or  approved  by  the  Council;  shall 
correspond  and  collaborate  with  committees  of  kindred  technical, 
scientific  or  other  societies;  shall  keep  in  touch  with  researches  con- 
ducted in  other  countries,  which  are  of  value  to  the  engineer,  and 
shall  report  the  same  quarterly  to  the  Coimcil. 

B  48  The  committee  will  be  expected  to  maintain  a  s)rBtem  of 
announcement  of  results  of  research,  and  the  trend  of  investigations, 
in  any  field,  which  will  be  of  value  to  the  engineering  profession. 

B  49    Gifts  or  bequests  to  the  Society  for  the  conduct  of  research 
or  investigation  shall  be  expended  under  the  direction  of  the  Council  * 
and  shall  be  kept  separate  from  other  Society  funds. 

Rules 
rules  19  to  26  regarding  professional  sections 

A  request  to  form  a  Gas  Power  Section  affiliated  with  the  Society 
was  presented  at  the  Annual  Meeting  of  1907.  The  request  was 
presented  to  the  Council  at  its  meeting  December  6,  1907.  The 
Council  referred  it  to  the  Committee  on  Affiliated  Societies  which 
reported  on  January  14,  1908,  suggesting  rules  for  the  government 
of  professional  sections.  The  rules  were  approved  and  confirmed 
by  the  Council  at  that  meeting,  and  are  as  follows: 

R  19  A  professional  section  of  the  Society  shall  consist  of  Honor- 
ajy  Members,  Members,  Associates,  and  Juniors  of  The  American 
Society  of  Mechanical  Engineers  and  of  other  persons  to  be  designated 
AfiUiates  as  hereinafter  described. 

R  20  A  professional  section  of  The  American  Society  of  Mechan- 
ical Engineers  may,  with  the  approval  of  the  Council,  be  organized 
for  the  consideration  of  any  engineering,  scientific,  or  professional 
topic,  provided  that  a  number  satisfactory  to  the  Council,  of  mem- 
bers of  The  American  Society  of  Mechanical  Engineers,  unite  in 
making  written  request  for  such  an  organization.    Such  section  shall 

be  designated  as Section  of  The  American  Society  of  Mechanical 

Engineers — the  blank  being  filled  by  the  topic  specialized. 

R  21    The  provisions  of  the  Constitution,  By-Laws,  and  Rules  of 
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The  American  Society  of  Mechanical  Engineers,  and  the  precedents 
of  the  Society  with  respect  to  professional  sessions  for  the  discussion 
of  papers  shall  cover  the  procedure  of  the  professional  sections,  except 
that  no  meeting  of  a  section  shall  be  considered  a  meeting  of  the  Society 
as  a  whole. 

R  22  For  the  convenient  conduct  of  its  professional  affairs,  the 
section  shall  organize  an  Executive  Committee  of  five  members  of 
the  Society,  under  the  general  direction  of  the  Council.  Such  oflScers 
as  the  section  shall  require,  must  be  selected  from  the  membership  of 
the  Society.  Other  committees  of  the  section  shall  be  appointed 
by  its  Executive  Committee. 

R  23  The  Executive  Committee  of  the  section,  subject  to  the 
approval  and  direction  of  the  Secretary  of  the  Society,  shall  designate 
a  Secretary  of  the  section,  whose  duties  shall  be  those  usually  attach- 
ing to  the  Secretary  of  a  professional  session  and  who  shall  also  see 
that  the  discussions  of  papers  are  satisfactorily  reported  and  trans- 
mitted to  the  Secretary  of  the  Society. 

R  24  Expenditures  for  the  purposes  of  the  section  chargeable  to 
the  Society  shall  be  authorized  by  the  Secretary  of  the  Society  before 
they  are  incurred,  and  must  be  provided  for  in  the  estimate  and  budget 
of  the  Committee  on  Meetings.  No  liability  otherwise  incurred  shall 
be  binding  on  the  Society.  Any  expenditure  not  so  provided  shall 
be  met  by  the  section  itself. 

R  25  Engineers  and  others  not  members  of  the  Society,  but 
desiring  to  participate  in  meetings  of  the  section,  may  enroll  them- 
selves as  affiliates  as  heretofore  provided  with  the  approval  of  the 
Executive  Committee  of  the  section.  Such  affiliates  shall  have  the 
privilege  of  presenting  papers  and  taking  part  in  the  discussions. 
They  shall  pay  $5  per  annum  which  shall  be  due  and  payable,  in  ad- 
vAnce.  on  October  1  of  each  year  of  their  enrollment,  and  shall  there- 
by be  entitled  to  receive  the  Proceedings  of  the  Society  as  they  are 
issued  month  by  month,  for  a  period  covered  by  their  dues. 

R  26  The  Council  of  The  American  Society  of  Mechanical  Engi- 
neers may,  at  60  days  notice,  suspend  or  disband  any  section. 

RULES  27  TO  34  REGARDING  STUDENT  BRANCHES 

Requests  for  the  formation  of  student  branches  were  received 
from  Stevens  Institute  of  Technology  and  Cornell  University.  They 
were  presented  to  the  Council  October  13,  1908,  and  were  referred 
by  the  Council  to  the  Committee  on  Affiliated  Societies  with  the 
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request  to  suggest  rules  to  govern  such  branches.  The  rules  prepared 
by  the  Committee  were  presented  to  the  Council  November  10,  1908, 
and  were  approved  December  4,  1908. 

R  27    The  name  of  this  Association  shall  be  '* 

AflUiated  with  The  American  Society  of  Mechanical  Engineers;" 
or,  "the  Student  Section  of  The  Ameri- 
can Society  of  Mechanical  Engineers.'' 

R  28  The  basis  of  such  an  affiliation  shall  be  the  independence, 
autonomy  and  self-control  of  each  affiliated  body  under  its  own 
by-laws;  subject  to  such  limitation  as  may  be  set  by  the  Council. 

R  29  Each  affiliated  society  shall  furnish  to  the  Secretary  of 
The  American  Society  of  Mechanical  Engineers,  satisfactory  reports 
of  discussions  and  business  transacted  at  its  meetings;  also  copies  of 
all  papers  and  addresses  presented. 

R  30  The  American  Society  of  Mechanical  Engineers  will  furnish 
monthly  issues  of  The  Journal  to  all  members  of  affiliated  organiza- 
tions who  are  not  members  of  The  American  Society  of  Mechanical 
Engineers,  upon  the  payment  by  each  of  two  dollars  per  year.  The 
American  Society  of  Mechanical  Engineers  will  also  furnish  to  the 
secretary  of  each  affiliated  body  a  certain  number  of  extra  copies  of 
The  Journal  for  use  at  its  meetings,  the  number  furnished  to  be  agreed 
upon  in  each  case. 

R  31  Upon  recommendation  of  each  affiliated  society  the  President 
of  The  American  Society  of  Mechanical  Engineers,  after  conference 
with  the  Secretary  of  the  Society,  shall  appoint  a  member  of  the  latter 
body  to  be  Honorary  Chairman  of  each  affiliated  society,  for  each 
year.  Such  Honorary  Chairman  shall  be,  eaH>fficio,  a  member  of 
the  Governing  Committee  of  said  affiliated  society. 

R  32    The  Presiding  Officer  chosen  by  each  affiliated  society 

shall  be  styled  Chairman  of  the 

Affiliated  with  The  American  Society  of  Mechanical  Engineers;  or. 

Chairman  of  the  — Student  Section  of 

The  American  Society  of  Mechanical  Engineers. 

R  33  The  affairs  of  the  affiliated  society  shall  be  managed  by 
a  Governing  Committee  of  at  least  three  members,  besides  the  Honor- 
ary Chairman. 

R  34  The  names  which  designate  any  committees  appointed 
by  the  affiliated  societies  shall  be  different  from  the  names  of  corre- 
sponding committees  of  The  American  Society  of  Mechanical  Engi- 
neers. 
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R  35  The  affiliated  society  shall  have  the  privilege  of  having 
printing  done  by  The  American  Society  of  Mechanical  Engineers  at 
cost.  Where  the  affiliated  society  desires  to  publish  any  papers 
in  local  journals  or  elsewhere,  it  shall  first  ascertain  that  The  Ameri- 
can Society  of  Mechanical  Engineers  does  not  itself  desire  to  publish 
such  paper  and  the  privilege  of  priority  in  publication  shall  always 
be  the  right  of  The  American  Society  of  Mechanical  Engineers.  The 
affiliated  society  shall  claim  no  exclusive  cop3rright  upon  such  papers. 


ELECTIONS  TO  MEMBERSHIP 

The  following  were  declared  elected  to  membership  in  the  S6ciety 
upon  the  ballot  December  5,  1908: 


MBMBaaS 


Alden,  H.  W.,  Canton,  O. 

Anderson,  Frederick  Paul,  Lexington, 
Ky. 

Angstrom,  C.  J.,  Worcester,  Mass. 

Ard,  Charies  Edgur,  Agricultural  Col- 
lege, Miss. 

Armstrong,  F.  H.,  Vulcan,  Mich. 

Ashton,  Walter  S.,  St.  Louis,  Mo. 

Atwood,  William  S.,  Montreal,  Can. 

Ayers,  N.  B.,  Dayton,  O. 

Bacon,  F.  T.  H.,  New  York. 

Barbieri,  Cssar,  Chicago,  HI. 

Barnes,  William  O.,  Quebec,  Canada. 

Bartlett,  Charles  Howard,  Medford, 
Mass. 

Bliss,  Edwin  C,  Providence,  R.  I. 

BrufiF,  Charles  E.,  New  York. 

Chaoe,  William  W.,  Geveland,  O. 

Coleman,  William  W.,  Milwaukee,  Wis. 

Comstock,  Charles  W.,  Denver,  Col. 

Connet,  Frederick  N.,  Providence,  R.  I. 

Craig,  Charles  H.,  Jr.,  Needham,  Mass. 

Dull,  R.  W.,  Aurora,  HI. 

Dunham,  Geo.  W.,  Lansing,  Mich. 

Dyer,  R.  A.,  Jr.,  Auburn,  N.  Y. 

Eyermann,  Peter,  Du  Bois,  Pa. 

Farrell,  H.  C,  Beverly,  Mass. 

Fermier,  E.  J.,  College  Station,  Texas. 

Fillingham,  M.  P.,  New  York. 

Foster,  W.  B.,  Utica,  N.  Y. 

Freeman,  J.  Porter,  Yonkers,  N.  Y. 

Frost,  Edward  J.,  Jackson,  Mich. 


Oilman,  Francis  Lyman,  New  York. 
Goodwin,  Frank,   Ajmere,  India. 
Gore,  Warren  W.,  Beloit,  Wis. 
Griepe,  A.  W.  H.,  New  York. 
Groene,  William  F.,  Cincinnati,  O. 
Hallenbeck,  George  E.,  Toledo,  O. 
Hamilton,  C.  A.,  Racine,  Wis. 
Hansell,  William  H.,  Philadelphia,  Pa. 
Hartwell,  Harry,  New  York. 
Harvey,  M.,  Philadelphia,  Pa. 
Hill,  Reuben,  Corona,  L.  I.,  N.  Y. 
Hodgins,  Geoige  S.,  New  York. 
Holmes,  Joseph  A.,  Washington,  D.  C. 
Howarth,  Harry  A.  S.,  New  Haven, 

Conn. 
Johnson,  Louis  L.,  New  York. 
Kean,  A.  J.  A.,  Zamora,  Mexico. 
Keil,  Gustavo  B.,  Chicago,  HI. 
Keller,  Joseph  F.,  New  York. 
Kemble,  Parker    H.,    Thompsonville, 

Conn. 
King,  George  C,  Massillon,  O. 
Latham,  H.  M.,  Worcester,  Mass. 
Lees,  John  W.,  Indiana  Harbor^  Ind. 
McBride,  Thomas  C,  Philadelphia,  Pa. 
McKee,  Robert  A.,  Milwaukee,  Wis. 
McKeen,  William  R.,  Jr.,  Omaha,  Neb. 
Macfarlane,  James,  La  Boca,  Panama. 
Manton,     Arthur    Woodroffe,     Long 

Island  City,  N.  Y. 
Maxwell,  M.  C,  Brooklyn,  N.  Y. 
Mead,  Daniel  W.,  Madison,  Wis. 
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Mitdiell,  C.  J.,  Beloit,  Wis. 
Moore,  Eklwin  A.,  Camden,  N.  J. 
Muhlfeld,  John  Erhardt,  Baltimore,  Md. 
Nichols,  Charles  Hart,  New  York. 
Nordberg,  Carl  Victor,  Butte,  Mont. 
Paine,  Sidney  B.,  Boston,  Mass. 
Parker,  L.  S.,  New  York. 
Paul,  Charles  E.,  State  College,  Pa. 
Perks,  Qeorge  W.,  Springfield,  O. 
Porter,  John  A.,  Macon,  Ga. 
Pulman,  Thomas  C,  New  York. 
Robinson,  A.  L.,  Culebra,  C.  Z.,  Pan- 
ama. 
SaltiAian,  Auguste  L.,  New  York. 
Scott,  Arthur  Curtis,  Austin,  Tex. 
Seager,  James  B.,  Lansing,  Mich. 


Sibl^,  Frederick  H.,  Cleveland,  O. 
Smith,  Harry  Ford,  Lexington,  O. 
Spiro,  Charles,  New  York. 
Sjrmonds,  G.  P.,  New  York. 
Thomas,  Carl  C,  Ithaca,  N.  Y. 
Thrall,  George  C,  Detroit,  Midi. 
Titcomb,  George  E.,  Philadelphia,  Pa. 
Voight,  'Qeory  G.,  New  Britain,  Conn. 
Waem,  A.  W.,  Bethlehem,  Pa. 
Wallichs,  Adolph  Otto,  Aachen,  Ger- 
many. 
Winship,  Walter  E.,  New  York. 
Wintaer,  R.,  Cudahy,  Wis. 
Worth,  C.  C,  New  York. 
Wuerfd,  George  D.,  Toledo,  O. 


PROMOTION  TO  MEMBER 


Alford,  Leon  P.,  New  York. 
Allen,  Albert  M.,  Qeveland,  O. 
Bowen,  Harrison  S.,  Chicago,  111. 
Crouch,  Calvin  H.,  Grand  Forks,  N. 

Dak. 
Hall,  Rodn^  D.,  Buffalo,  N.  Y. 
Knight,  G.  L.,  Brooklyn,  N.  Y. 
Libbey,  J.  H.,  Boston,  Mass. 
Ohle,  Ernest  Linwood,  Iowa  City,  la. 


0'Nea,F.W.,  New  York. 
Perry,  Frank  B.,  Allston,  Mass. 
Richmond,  Knight  C,  Providence,  R.  I. 
Sangster,  Andrew,  Sherbrooke,  Canada. 
WiUdns,  I.  Chester  G.,  New  York. 
Willcox,  George  B.,  Saginaw,  Mich. 
Van  Winkle,  Edward,  New  York. 
Woodwell,  Julian  E.,  New  York. 


ASSOCIATES 


Bronson,  Eklward  L.,  Waterbury,  Conn. 
Bruckner,  Rudolph  E.,  New  York. 
Biunp,  Archie  E.,  Boston,  Mass. 
Chester,  C.  P.,  Morend,  Aris. 
Damon,  John  H.,  Pl3rmouth,  Mass. 
Eaton,  Hoiiy  C,  Waltham,  Mass. 
English,  H.  K.,  Schenectady,  N.  Y. 
Flanders,  Ralph  E.,  New  York. 
Ketchiun,  Samud,  New  York. 
Lindberg,  F.  A.,  Chicago,  111. 
Lyon,  {esse  D.,  Altanta,  Ga. 
Maclaren,  J.  G.,  Wediawken,  N.  J. 
Mees,  Curtis  A.,  Charlotte,  N.  C. 
Merkt,  G.  A.,  Marlboro,  Mass. 


Moon,  Hartley  Allen,  Birmingham,  Ala 
Neilson,  Frederick  C,  Hartford,  Conn 
Pearsall,  G.  H.,  Chicago,  111. 
Peck,  Henry  W.,  N.  Rochester,  N.  Y. 
Ritchie,  Francis  P.,  Montreal,  Can. 
Satterfidd,  Howard  E.,  Indianapolis. 

Ind. 
Sheperdson,  J.  W.,  Johnstown,  Pa. 
Sloan,  Alfred  P.,  Jr.,  Newark,  N.  J. 
Spencer,  F.  C,  Chicago,  111. 
Taylor,  Wyatt  W.,  New  York. 
Thompson,  Byron  L.,  Syracuse,  N.  Y. 
Tomlinson,  C.  E.,  Syracuse,  N.  Y. 
Wallace,  Jacob  H.,  Boulder,  Colo. 


PROMOTION  TO  ASSOCIATE 


Cox,  F.  G.,  Chicago,  111. 
Douglas,  C.  C,  Boston,  Mass. 
Earle,  S.  B.,  Clemson  College,  S.  C. 


Gordon,  Rea  M.,  Syracuse,  N.  Y. 
Soper,  Ellis  Clark,  S.  Pittsbuig,  Tenn. 
York,  Robert,  Pine  Bluflf,  Ark. 
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Adams,  Kilbum  E.,  Boston,  Mass. 
Alger,  Harley  C,  Saginaw,  Mich. 
Autenrieth,  Geoige  C,  New  York 
Bannon,  Leo  M.,  Central  Falls,  R.  I. 
Baxter,  Burke  Morgan,  Cleveland,  O. 
Beecher,  H.  W.,  San  Francisco,  Cal. 
Beers,  Leroy  F.,  Rochester,  N.  Y. 
Bixby,  William  Peet,  Wobum,  Mass. 
Brown,  Howard  Hayes,  New  York 
Brown,  Richard  P.,  Philadelphia,  Pa. 
Charavay,  Marios  A.,  Jersey  City,  N.  J. 
Church,  Elihu  Cunyngham,  New  York. 
Cole,  Cyrus  L.,  Chicago,  111. 
Crawley,  George  E.,  New  York 
Crowell,  William  J.,  Jr.,  Lebanon,  Pa. 
Day,  Irvin  W.,  New  York. 
De  Ved,  Horace  Warr^i,  Mt.  Vernon, 

N.Y. 
Diserens,  Paul,  Urbana,  111. 
Durfee,  Walter  C,  2d,  Jamaica  Plain, 

Mass. 
Emswiler,  J.  E.,  Ann  Arbor,  Mich. 
HoU,  Charles  Ludwig,  Milwaukee,  Wis. 
Hussey,  C.  W.,  Yonkers,  N.  Y. 
Hutton,  Mancius  Smedes,  New  York 
Jealous,  Arthur  R.,  Lawrence,  Mass. 
Keller,  W.  H.,  Philadelphia,  Pa. 
Kennedy,  William  Arthur,  Providence, 

R.L 
Lapat,  Leopold,  Paterson,  N.  J. 
Laton,  Thomas  Jefferson,  Durham,N.H. 


Leeper,  Ralph  W.,  Marysville,  O. 
Lothrop,  Marcus  T.,  Syracuse,  N.  Y. 
McFarlan,  Edward,  Brooklyn,  N.  Y. 
Monks,  William  Douglas,  Mt.  Vernon, 

N.Y. 
Moore,  Charles  R.,  W.  Lafayette,  Ind. 
Murray,  Arthur  F.,   Harrisburg,   Pa. 
Neely,  F.  H.,  Wilkinsburg,  Pa. 
Nibecker,  Karl,  Glen  Mills,  Pa.' 
Norden,  Carl  L.,  Brooklyn,  N.  Y. 
Pape,  J.  O.,  Tipton,  Ind. 
Rattle,  Paul  S.,  Chicago,  111. 
Ripsch,  Charles  William,  Dayton,  O. 
Robbihs,  John  L.,  Pittsfield,  Mass. 
Shodron,  John  G.,  Milwaukee,  Wis. 
Slauson,  Harold  Whiting,  New  York 
Smith,  Mark  E.,  Erie,  Pa. 
Staude,  E.  G.,  Minneapolis,  Minn. 
Stevenson,  T.  Kennedy,  New  York 
Stewart,  Charles  Edward,  Tufto  CoL 

lege,  Mass. 
Stillman,  Edwin  A.,  New  York 
Thomas,  Albert  R.,  St.  Louis,  Mo. 
Ulbricht,  T.  Carlile,  Brooklyn,  N.  Y. 
Watt,   William,  Jr.,  Pietermaritzburg, 

Natal,  South  Africa 
Whitehurst,    Herbert    Clinton,    New 

York. 
Wicks,  H.  B.  Prieetloy,  Scotia,  N.  Y. 
Wilkinson,  Cecil  T.,  Eden,  Tex. 


SUMMARY 

Election  to  full  membership 87 

Election  to  Associate  grade 27 

Election  to  Junior  grade 64 

Promotion  to  Member  grade 16 

Promotion  to  Associate  grade 6 

Total  nimiber  declared  elected 190 
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THE   CONSERVATION   IDEA  AS  APPLIED    TO 
THE  AMERICAN  SOCIETY  OF  MECHAN- 
ICAL ENGINEERS 

PRESIDENTIAL  ADDRESS  1908 

Bt  M.  L.  Holman,  St.  Louis,  Mo. 
President  of  the  Society 

The  rate  at  which  the  natural  resources  of  the  United  States  are 
being  consumed  caused  the  President  to  call  a  conference  of  the  Gov- 
ernors of  the  States  in  1908  to  consider  the  questions  of  the  conser- 
vation and  use  of  the  great  fundamental  sources  of  wealth  of  the 
Nation.  That  the  question  is  considered  a  vital  one  is  shown  by 
the  fact  that  the  conference  marks  the  first  time  in  the  history  of 
our  country  when  the  Governors  of  the  States  have  assembled  at  the 
White  House  to  consult  with  the  Chief  Executive  of  the  Nation. 

2  Invitations  to  participate  in  the  Conference  were  issued  to  about 
seventy-one  "  National  organizations  concerned  in  the  development 
and  use  of"  natural  resources,  and  to  'Hhe  Senators  and  Representa- 
tives in  Congress;  the  Supreme  Court;  the  Cabinet;  and  the  Inland 
Waterways  Commission."  With  the  Governors  were  three  men  from 
each  State  chosen  as  advisors. 

3  The  Conference  assembled  in  the  East  Room  of  the  White  House, 
Wednesday,  May  13,  1908,  and  the  morning  session  was  taken  up  by 
the  address  of  the  President  on  Conservation  as  a  National  Duty. 
During  the  sessions  of  Wednesday  and  Thursday  the  following  papers 
were  presented: 

The  Conservation  of  Ores  and  Related  Minerals,  by  Andrew 

Carnegie. 
The  Waste  of  Our  Fuel  Resources,  by  Dr.  White. 
The  Natural  Wealth  of  the  Land  and  its  Conservation,  by 

James  J.  Hill. 
Soil  Wastage,  by  Prof.  T.  C.  Chamberlain.  . 
Forest  Conservation,  by  R.  A.  Long.  , 

Resources  Related  to  Irrigation,  by  George  C.  Pardee. 
Grazing  and  Stock  Raising,  by  H.  A.  Jastro. 

Presented  at  the  Now  York  Meeting  (December  1908)  of  The  American  Society 
of  Mechanical  Engineers. 
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4  A  limited  general  discussion  was  given  on  each  of  these  papers. 
The  immediate  result  of  the  Conference  could  only  be  an  expression 
of  opinion,  in  the  form  of  resolutions.  Pursuant  to  a  motion  the 
president  appointed  a  Committee  on  Resolutions,  consisting  of  the 
Governors  of  South  Carolina,  Utah,  Wisconsin,  Louisiana  and  New 
Jersey. 

5  The  four  National  Engineering  Societies  were  represented  by 
their  presidents,  who  formed  a  part  of  the  audience,  and  who  jointly 
presented  resolutions  which  went,  with  others,  to  the  Committee  on 
Resolutions.  The  object  sought  by  these  representatives  was  a  broad 
treatment  of  the  subject  on  non-political  lines,  and  an  avoidance  of 
any  indication  of  departmental  jealousy.  During  the  discussion  it 
became  apparent  that  some  eflfort  would  be  required  to  keep  the  Con- 
ference from  political  bias.  On  Friday  morning  the  Committee  on 
Resolutions  being  ready  to  report,  the  reading  of  the  papers  set  for 
Friday  was  suspended  and  the  resolutions  prepared  were  introduced. 
The  President  presided  and  under  his  skilful  parliamentary  guidance 
the  resolutions  were  adopted  without  a  dissenting  vote. 

6  The  report  of  the  Committee  has  not  been  given  the  publicity 
which  it  deserves  and  I  therefore  give  it  in  full,  as  published  in  the 
Cincinnati  Inquirer  of  May  16,  1908: 

We,  the  Governors  of  the  States  and  territories  of  the  United  States  of  America 
in  Conference  assembled,  do  hereby  declare  the  conviction  that  the  great  pros- 
perity of  our  country  rests  upon  the  abundant  resources  of  the  land  chosen  by 
our  forefathers  for  their  homes  and  where  they  laid  the  foundation  of  this  great 
nation. 

We  look  upon  these  resources  as  a  heritage  to  be  made  use  of  in  establishing 
and  promoting  the  comfort,  prosperity  and  happiness  of  the  American  people, 
but  not  to  be  wasted,  deteriorated  or  needlessly  destroyed. 

We  agree  that  our  countr3r'8  future  is  involved  in  this;  that  the  great  natural 
resources  supply  the  material  basis  upon  which  our  civilization  must  continue  to 
depend,  and  upon  which  the  perpetuity  of  the  nation  rests. 

We  agree,  in  the  light  of  facts  brought  to  our  knowledge  and  from  the  informa- 
tion received  from  sources  which  we  cannot  doubt,  that  this  material  basis  is 
threatened  with  exhaustion.  Even  as  each  succeeding  generation  from  the  birth 
of  the  nation  has  performed  its  part  in  promoting  the  progress  and  development 
of  the  republic,  so  do  we  in  this  generation  recognize  it  as  a  high  duty  to  perform 
our  part,  and  this  duty  in  lai^ge  degree  is  in  the  adoption  of  measures  for  the  con- 
servation of  the  natimd  wealth  of  the  country. 

We  declare  our  firm  conviction  that  this  conservation  of  our  natiuul  resources 
is  a  object  of  transcendant  importance,  which  should  engage  unremittingly  the 
attention  of  the  nation,  the  State  and  the  people  in  earnest  cooperation.  These 
natural  resources  include  the  land  on  which  we  live  and  which  yields  our  food ; 
the  living  waters  which  fertilize  the  soil,  supply  power  and  form  great  avenues 
of  commerce;  the  forests  which  yield  the  materials  for  our  homes,  orevent  erosion 


Digitized  by  VjOOQIC 


THfi  GONSBBYATION  IDBA   AS   APPUED  TO  THB   A.   S.   M.   B.    579 

of  the  soil,  and  conserve  the  navigation  and  other  uses  of  our  streams;  and  the 
minerals,  which  fonn  the  basis  of  our  industrial  life,  and  supply  us  with  heat, 
lig^t  and  power. 

We  agree  that  the  land  should  be  so  used  that  erosbn  and  soil  wash  should 
cease;  that  there  should  be  reclamation  of  arid  and  semi-arid  regions  by  means 
of  irrigation,  and  of  swamp  and  overflowed  regions  by  means  of  drainage;  that 
the  waters  should  be  so  conserved  and  used  as  to  promote  navigation,  to  enable 
the  arid  regions  to  be  reclaimed  by  irrigation  and  to  develop  power  in  the  interests 
of  the  people;  that  the  forests,  which  regulate  our  rivers,  support  our  industries 
and  promote  the  fertility  and  productiveness  of  the  soil,  should  be  preserved  and 
perpetuated;  that  the  minerals  found  so  abundantly  beneath  the  surface  shotdd 
be  so  used  as  to  prolong  their  utility;  that  the  beauty,  healthfulness  and  habit- 
ability  of  our  countary  should  be  preserved  and  increased;  that  the  source  of 
national  wealth  exists  for  the  benefit  of  all  the  people,  and  that  the  monopoly 
thereof  .should  not  be  tolerated. 

We  commend  the  wisdom  of  the  President  in  sounding  the  note  of  warning 
as  to  the  waste  and  exhaustion  of  the  natural  resources  of  the  countary,  and  sig- 
nify our  appreciation  of  his  action  in  calling  this  Conference  to  consider  the  same, 
and  to  seek  the  remedies  therefor  through  cooperation  of  the  nation  and  the 
states. 

We  agree  that  this  cooperation  shotdd  find  expression  in  suitable  action  by 
the  Congress  within  the  limits  of  and  co-extensive  with  the  national  jurisdiction 
of  the  subject  and  complementary  thereto  by  the  Legislatives  of  the  several 
States  within  the  limits  co-extensive  with  their  jurisdiction. 

We  declare  in  convention  that  in  the  use  of  the  national  resoiuxes  our  inde- 
pendent states  are  interdependent  and  boimd  together  by  ties  of  mutual  benefits, 
responsibilities  and  duties. 

We  agree  in  the  wisdom  of  future  conferences  between  the  President,  members 
of  Congress  and  the  Governors  of  the  States,  regarding  the  conservation  of  our 
natural  resources  with  the  view  of  continued  operation  and  action  on  the  line 
suggested,  and  to  this  end  we  advise  that  from  time  to  time,  as  in  his  judgment 
may  seem  wise,  the  President  call  the  Governors  of  the  States,  members  of  Congress 
and  others  into  conference. 

We  agree  that  further  action  is  advisable  to  ascertain  the  present  condition 
of  our  national  resources  and  to  promote  the  conservation  of  the  same.  And  to 
that  end  we  recommend  an  appointmeiit  by  each  State  of  a  conmiission  on  the 
conservation  of  natural  resources,  to  cooperate  with  each  other  and  with  any 
similar  committee  on  behalf  of  the  Federal  Government. 

We  urge  that  continuation  and  extension  of  forest  policies  be  adopted  to  secure 
the  husbanding  and  jenewal  of  our  diminishing  timber  supply,  prevention  of 
soil  erosion  and  the  protection  of  head  waters,  and  the  maintenance  of  the  purity 
and  navigability  of  our  streams.  We  recognize  that  the  private  ownership  of 
forest  land  entails  responsibilities  in  the  interests  of  all  the  people,  and  we  favor 
the  enactment  of  laws  looking  to  the  protection  and  replacement  of  privately 
owned  forests. 

We  recognize  in  our  waters  a  most  valuable  asset  of  the  people  of  the  United 
States,  and  we  recommend  the  enactment  of  laws  looking  to  their  conservation, 
to  the  end  that  navigable  and  source  streams  may  be  brought  under  complete 
control  and  fully  utilized  for  every  purpose.  We  especially  urge  on  the  Federal 
Congress  the  immediate  adoption  of  a  wise,  active  and  thorough  waterway  policy 
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providing  for  the  prompt  improvement  of  our  streams  and  conservation  of  their 
water-sheds  required  for  the  uses  of  conmieroe  and  the  protection  of  the  interests 
of  our  people. 

We  reconmiend  the  enactment  of  laws  looking  to  the  prevention  of  waste  in 
the  mining  and  extraction  of  coal,  oil,  gas  and  other  minerals  with  a  view  to  their 
wise  conservation  for  the  use  of  the  people  and  to  the  protection  of  human  life 
in  the  mines. 

Let  us  conserve  the  foundations  of  our  prosperity. 

FUNDAMENTAL  CONSTANTS 

7  As  it  is  the  peculiar  function  of  the  engineer  to  assist  in  making 
some  of  the  resources  of  nature  available  for  the  use  and  convenience 
of  man,  we  may  well  spend  our  time  this  evening  considering  a  few 
of  the  phases  of  the  problem.  The  President  particularly  desired 
the  cooperation  in  the  movement  of  the  engineers  of  the  United  States 
and  subsequently  ascribed  to  the  action  of  the  Engineering  Societies 
the  credit  of  inaugurating  the  conservation  campaign  on  non-political 
lines. 

8  As  it  was  the  rapidly  increasing  rate  of  consumption  of  our 
natural  resources  that  induced  the  President  to  make  a  new  departure 
along  the  line  of  "States'  Rights"  and  to  call  on  the  (jovernors  for  a 
conference,  let  us  first  examine  into  the  forces  at  work  consuming  our 
national  inheritance  and  turn  our  attention  to  ourselves,  as  the  pri- 
mary cause  or  force  that  is  so  rapidly  dissipating  the  natural  resources 
of  the  nation  and  empt3ring  the  store  house  of  nature.  For  purposes 
of  the  present  discussion  we  will  confine  ourselves  to  the  territory 
of  the  United  States.  Table  1,  compiled  from  the  census  returns,  gives 
in  a  condensed  form  the  fundamental  constants  and  the  independent 
variables  of  our  problem,  that  is,  our  lands  and  inland  waters  and  our 
population,  as  they  stood  in  1900. 


TABLE  1 


LAND  AND  WATER.  AND  POPULATION  OF  THE  STATES  OF  THE 
UNITED  STATES 


Stot«  or  Territoiy 


Alab&ma. . . 
ArUona. . . . 
ArkaDSM. . . 
California. . , 
Colorado. . . 

Connecticut 
Delaware. . . 


•QUARB  UWEB 


Gross 
Area 


62,250 
113.020 

53.850 
168.360 
103.925 

4.090 
2.050 


Water 


Land 


710  I  51.540 

100  I  112.920 

805  53.045 

2380  155.980 

280  103.645 


145  I 
90 


4.845 
1.960 


1.828.607 

122.981 

1311.564 

1.485.053 

539.700 

080.420 
184.735 


Density 


35.5 
1.1 

24.7 
0.5 
5.2 

187.5 
04.3 
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TABLE  1— Contlniied 


Diftrict  of  ColumbU. 

Florida 

Georgia 


Idaho 

Illinois 

Indiana 

Indian  Territoiy. , 
Iowa 


Kentucky. 
Louiaana. , 

Kaine 

Maryland.. 


ICawachuBetta. . 

Miohi£im 

Bfinneeota 

Missiaiippi 

MiMouri 


Montana 

Nebnuka 

Nevada 

New  Hampshire. 
New  Jeney 


New  Mexico. . . . 

New  York 

North  Carolina. 
North  Dakoto. . 
Ohio 


Oklahoma 

Oregon 

Pennsylvania. . . 
Rhode  Island. . . 
South  Carolina. 


South  Dakoto. 

Tennessee 

Texas 

Utah 

Vennont 


Virginia 

Washington... 
West  Virginia. 

Wiscon^ 

Wyoming 


70 
58.680 
59.476 

84.800 
56.650 
36.350 
31.400 
56.025 

82.080 
40.400 
48.720 
33.040 
12.210 

8.315 
58.915 
83.365 
46.810 
69.415 

146.080 
77.510 

110.700 
9.305 
7,815 

122.580 
49.170 
52.250 
70.795 
41.060 

39.030 
96.030 
45.215 
1.250 
30.570 

77.650 

42.050 

265.780 

84.970 

9.565 

42.450 
69.180 
24.780 
56.040 
97.890 


Totals  and  Averages . 


10 

4440 

495 

510 
650 
440 
400 
550 

380 

400 

3300 

3145 

2350 

275 

1485 

4160 

470 

680 

770 
670 
960 
300 
290 

120 

1550 

3670 

600 

300 

200 
1470 
230 
197 
400 

800 

300 

3490 

2780 

430 

2325 
2300 

135 
1590 

315 


60 
54,240 
58.980 

84.290 
56.000 
35.910 
31.000 
55.475 

81.700 
40.000 
45.420 
29395 
9.860 

9.040 
57.430 
79.205 
46.340 
68.735 

145310 
76.840 

109.740 
9.005 
7.525 

122,460 
47.620 
48.580 
70.195 
40.760 

38.830 
94.560 
44.985 
1.053 
30,170 

76.850 

41.750 

262.290 

82.190 

9.135 

40,125 
66.880 
24.645 
54.450 
97.575 


278.718 

528342 

2.216.331 

161,772 
4.821.550 
2316.462 

392.060 
2331353 

1.470.495 
2.147.174 
1381.625 
694.466 
1.188.044 

2305346 
2.420.982 
1.751394 
1,551.270 
3.106.665 

243329 

1.066300 

42335 

411.588 
1.883.669 

195310 
7368.894 
1.893310 

319.146 
4.157.545 

398331 
413.536 

6302.115 
428.556 

1340316 

401.570 

2.020316 

3,408.710 

I      276.749 

I      343.641, 

I    1.854.184 

518.103 

I       958.800 

I     2.069.042 

95.531 


2.971.038         76357.575 


4645. 3N.B. 

9.7 

37.6 

1.9 

86.1 
70.1 
12.6 
40.2 

18.0 
53.7 
30.4 
23.2 
120.6 

348.9 
42.2 
22.1 
35.5 
45.2 

1.7 

13.9 

0.4 

45.7 

250.3 

1.6 

152.6 

39.0 

4.5 

102.0 

10.3 

4.4 

140.1 

407.0 

44.4 

6.2 
48.4 
11.6 

3.4 
37.6 

46.2 

7.7 
38.9 
38.0 

0.9 

25.7 
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TABLE    2    PUBLIC    LANDS,    JULY  1.  1Q06 
Fbom  Rbtost  of  THB  Qbnbbai.  Land  Otfiob  or  trb  Unitbd  Stati* 


Stotes 

Alabanut 

AUwka 

Aiisona 

ArkaoMW 

CaUfomi* 

Colorado 

Florida 

Idaho 

Kansas 

Louidaaa 

Ifiehigan..; 

Minneaoto 

Miarissippi 

MiMouri 


Acres 


120.713 

368.021.609 

42.760,202 

1.060.185 

20372.403 

23,600.607 

414.042 

26,785.002 

171.446 

1164240 

135,551 

1.788.705 

42.701 

27.480 


Stotes 

Montona 

Nebraska 

Nmrada 

Now  Mexico 

North  Dakoto 

Oklahoma. 

Oregon 

South  Dakoto 

Utah 

Washington 

Wyoming 

Total 


Asras 

46.532.440 

3.074.668 
61.177.060 
44.777.006 

2.322.150 

86330 

16.067,013 

6.561.206 
36378.008 

4.636.001 
37.145302 


754305306 


9  While  dealing  with  statistics  of  population,  it  may  not  be  amiss 
to  call^attention  to  the  fact  that  we  are  not  always  governed  by  the 
will  of  the  majority.  Table  3,  from  the  census  returns,  [shows  quite 
the  opposite;  in  fact  it  is  about  an  even  chance  [that  a  successful 
presidential  candidate  represents  the  majority  of  the  voting  population: 


TABLE  3    PRESIDENTIAL  VOTE 


Total  popular  vote 

WINNINO  CANDIDATB 

Year 

Popular  Tote 

Per  cent  of  total 

Per    cent    of 
population 

1828 

1456328 

647.231 

66.07 

1832 

1.250,700 

687,502 

54.06 

1836 

1.408,2as 

761.540 

50.83 

1840 

2.410.778 

1.275.017 

52.80 

1844 

2.608.611 

1.337343 

40.65 

1848 

2361.006 

1,360,101 

47.36 

1852 

3.138301 

1.601.474 

50.00 

1856 

4.053.067 

1.888,160 

45.34 

1860 

4.676.853 

1366352 

30.01 

16.2 

1864 

4.024.702  . 

2,216.067 

65.06 

1868 

6.724.684 

3.115.071 

52.67 

1872 

6.466.165 

3.507.070 

56.63 

1876 

8.412.733 

4.033.050 

47.05 

1880 

0300388 

4.440.053 

48.26 

1884 

10.044.086 

4311.017 

48.48 

1888 

11372.200 

5.440.216 

47.83 

1802 

12.060351 

5.556318 

45.73 

1806 

13.023302 

7.104.770 

50.40 

1000 

13.067.074 

7317,810 

51.66 

18.4 

1004 

13313.005 

7.620,670 

57.13 
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10  It  will  be  noted  that  President  Lincoln  was  elected  by  40  per 
cent  of  the  popular  vote  and  that  President  Roosevelt  received  the 
greatest  per  cent  of  the  popular  vote  since  1828.  As  new  parties  are 
developed  the  chances  of  government  by  the  minority  become  greater, 
and  with  a  sufficient  number  of  political  parties  in  the  field,  revolu- 
tions will  be  the  order  of  the  day. 

HEALTH 

11  Of  our  many  resources,  the  most  important  one  is  the  health 
of  the  people.  The  safeguarding  of  the  general  health  and  the  pre- 
vention of  preventable  diseases  form  a  large  field  for  the  practical 
operation  of  the  conservation  idea  and  will  require  the  best  efforts 
of  the  State  and  the  Nation,  the  sanitary  engineer  and  the  health 
officer.  The  experience  of  the  last  decade  has  shown  that  prompt 
action  by  competent  specialists,  backed  by  the  power  of  the  Govern- 
ment, will  conserve  to  the  State,  the  community  and  the  citizen,  an 
earning  power  and  working  capacity  that  would  otherwise  be  lost 
or  diminished.  The  preventive  work,  particularly  in  zymotic  diseases, 
must  fall  to  the  sanitarian  and  not  to  the  physician,  unless  we  adopt 
the  Chinese  practice  of  pa3dng  our  doctors  to  keep  us  in  good  health 
and  stop  the  honorarium  when  we  fall  sick. 

12  A  sharp  distinction  must  be  drawn  between  protecting  people 
from  unnecessary  sickness  and  restoring  the  sick  to  health.  The 
medical  profession  is  an  ancient  and  honorable  one.  It  has  accom- 
plished a  vast  amount  of  good  and  has  furnished  a  multitude  of  noble 
examples  of  devotion  to  duty.  It  is  not  my  purpose  to  criticise  the 
profession,  but  to  draw  attention  to  the  fact  that  we  need  and  must 
have  comprehensive  organizations.  State,  National,  and  municipal, 
which  have  for  their  field  of  work  the  protection  of  health.  The 
training  of  the  physician,  and  particularly  his  experience,  are  directed 
along  lines  that  develop  the  specialist,  but  as  a  general  rule  executive 
training  and  experience  are  lacking.  Our  municipal  records  furnish 
much  evidence  to  the  fact  that  successful  physicians,  called  from 
private  practice,  are  totally  devoid  of  executive  ability.  There  have 
been  exceptionis,  but  they  only  emphasize  the  rule.  Some  States  and 
cities  now  have  Boards  of  Health,  but  for  the  most  part  they  are  com- 
posed of  physicians  and  the  work  handled  is  the  cure  and  not  the 
prevention  of  disease.  Less  than  one-half  of  the  States  record  all 
deaths  and  require  burial  permits,  and  but  few  States  keep  accurate 
accounts  of  epidemics  and  contagious  diseases. 


Digitized  by  VjOOQIC 


584    THE   CONSERVATION  IDEA    AS    APPUED  TO   THE    A.    S.    M.    E. 

13  Our  school  children  are  not  properly  protected  from  zymotic 
diseases.  Some  work  in  this  direction,  however,  is  now  being  under- 
taken by  New  York  City.  Our  business  interests  suffer  large  losses 
from  epidemics  and  generally  work  to  prevent  quarantine  and  other 
evidences  of  the  true  state  of  affairs  from  becoming  public.  Too 
much  emphasis  cannot  be  put  on  this  part  of  the  conservation  prob- 
lem. The  public  health  is  our  most  valuable  resource  and  its  pro- 
tection and  conservation  is  of  the  utmost  importance. 

14  One  of  the  first  problems  in  the  field  of  sanitation  is  the  pro- 
tection of  our  rivers,  lakes  and  other  somrces  of  domestic  water 
supply  from  pollution.  At  present  most,  if  not  all,  of  our  inland  cities 
and  towns  discharge  raw  sewage  into  the  natural  water  courses  and 
lakes.  One  notable  city  for  years  discharged  its  sewage  into  the  mar- 
gin of  a  lake  and  took  its  water  supply  from  the  same  place.  Typhoid 
fever,  resulting  from  this  arrangement  of  sewage  disposal  and  water 
supply,  was  prevalent  and  widespread.  The  general  Government, 
through  a  National  Sanitary  Commission,  should  have  intervened  for 
the  protection  of  the  citizens  of  other  states  and  the  residents  of  the 
city.  This  condition,  in  a  slightly  modified  degree,  still  exists,  and 
the  necessity  for  a  sanitary  overhauling  is  evident  to  any  unbiased 
student.  Of  late  a  portion  of  the  sewage  has  been  diverted  out  of  the 
natural  water-shed  of  the  lake,  but  the  conditions  are  far  from  safe, 
and  a  movement  is  now  on  foot  to  divert  the  remaining  sewage  ulti- 
mately, under  the  guise  of  an  improved  water-way.  In  this  particular 
instance  the  sewage  should  be  purified  and  discharged  at  the  cost  of 
the  municipality  producing  it.  An  effort  to  force  this  treatment  of  the 
case  resulted  in  a  "Scotch  verdict"  and  the  present  conditions  may 
be  expected  to  continue  until  there  is  a  general  movement  looking  to 
the  protection  of  our  water  courses  from  pollution,  or  until  each  com- 
munity develops  a  distinct  bacillus  that  can  be  positively  identified. 
In  the  matter  of  protecting  our  rivers  and  water  courses  from  pollu- 
tion, we  are  far  behind  the  times  and  should  begin  our  conservation 
era  with  laws  prohibiting  all  parties,  private  and  public,  from  burden- 
ing the  country  with  filth  that  should  be  handled  by  the  parties  pro- 
ducing it,  and  at  said  parties'  own  proper  cost  and  expense. 

15  In  addition  to  the  protection  of  our  sources  of  water  supply  the 
purification  of  the  water  furnished  to  cities  must  be  given  attention. 
It  is  an  open  question  to  what  extent  the  State  should  exercise  its 
power  in  this  direction,  but  there  is  no  question  as  to  the  results  which 
an  impure  water  supply  entails,  and  the  responsibility,  morally  if  not 
legally,  of  the  municipaUty  which  furnishes  polluted  water.     It  is  my 
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opinion  that  the  State  should  require  the  municipality,  which  it  em- 
powers to  levy  taxes,  to  discharge  its  full  duty  to  its  citizens.  When 
a  private  water  company  supplies  water  it  is  under  obligation  to  fur- 
nish a  safe  drinking  water,  just  as  fully  as  it  would  be  to  furnish 
adequate  fire  protection. 

16  We  have  not  the  time  this  evening  to  enter  into  a  detailed  dis- 
cussion of  any  of  the  problems  involved  in  water  purification,  but  an 
examination  of  the  results  obtained  in  the  city  of  Washington  for 
the  years  1896  to  1897  is  ample  evidence  to  convince  anyone  of  what 
may  be  accomplished.  Numerous  other  cases  might  be  cited  showing 
good  returns  in  life  and  health.  The  evidence  is  convincing,  and  the 
conclusion  certain  that  the  residents  of  our  country  suffer  much  bodily 
harm  and  imnecessary  loss  of  life  from  drinking  diluted  sewage. 
Life  insurance  companies  make  us  pay  high  rates  for  our  negligence 
and  pile  up  vast  sums  of  money  which  are  often  manipulated  to  increase 
our  burdens  further.  The  reports  of  the  insurance  commissioner  of 
the  State  of  Connecticut  show  for  19  of  the  large  insurance  companies 
total  assets  amounting  to  the  enormous  sum  of  $2  718  631  737  and 
UabiUties  of  $2  691  634  168. 

FOOD 

17  The  next  phase  of  the  problem  relates  to  the  individual,  and  is 
not  primarily  within  the  field  of  the  engineer,  nevertheless  the  mechan- 
ical engineer  has  been  responsible  for  a  share  of  the  trouble,  by 
way  of  the  cold-storage  warehouse.  No  fault  is  to  be  found  with  the 
work  of  the  engineer,  but  he  has  put  into  the  hands  of  the  people  a 
process  that  is  often  made  use  of  to  foist  on  the  public  edibles  not  fit 
for  human  consumption.  The  chemist  and  the  chemical  engineer 
have  discovered  and  manufactured  anti-ferments  until  it  has  become 
necessary  for  the  Government  to  ascertain  by  experiment  how  much 
chemical  preservative  the  ordinary  citizen  could  consume,  and  to 
require  the  labeling  of  manufactured  foods.  However,  the  labeling  of 
our  catsup  bottles  with  the  legend  that  one-tenth  of  one  per  cent  of 
benzoate  of  soda  is  contained  therein  does  not  seem  to  deter  its  use. 
The  rate  of  abuse  now  prevalent  in  some  sections  in  storing  undrawn 
poultry,  and  in  exposing  chilled  meats  in  transit  from  storage  to 
retail  butcher  shops  will  soon  require  the  Government  to  regulate 
the  cold-storage  warehouse  business.  It  is  not  apparent  which 
resources  the  pure  food  law  was  intended  to  conserve.  With  the 
paternal  form  of  government  obtaining  in  some  of  the  European 
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countries^  the  health  of  the  individual  is  the  paramount  resource. 
With  us,  however,  "  civil  and  religious  liberty  "  seems  to  include  unnec- 
essary exposure  to  disease.  At  the  Conference  in  Washington  the 
preventable  disease  problem  was  practically  overlooked,  perhaps 
from  the  fact  that  no  trust  seems  to  be  operating  in  that  field. 

LAND 

18  It  is  a  question  which  is  our  chief  natural  resource,  ourselves  or 
our  country.  I  have  assumed  the  citizen  as  the  first,  and  now  come  to 
the  second,  the  land  which  we  inhabit.  In  defence  of  this  classifica- 
tion it  is  sufficient  to  mention  the  fact  that  the  present  development 
of  the  United  States  can  be  traced  to  small  beginnings  on  our  Eastern 
coast  a  few  years  ago,  and  while  not  within  the  province  of  the  engi- 
neer to  descant  on  the  ''rise  and  fall  of  nations, "  it  may  not  be  amiss 
to  call  attention  to  the  necessity*  of  keeping  alive  the  sterling  quali- 
ties and  sound  principles  of  the  pioneers  as  a  safeguard  to  our  future 
progress  as  a  republic.  Our  land  may  well  receive  our  careful  atten- 
tion and  its  conservation  be  thoroughly  studied.  We  shall  be  face 
to  face  in  the  near  future  with  the  fact  that  there  is  not  sufficient  land 
to  support  us  at  our  present  rate  of  growth  and  methods  of  living. 

19  We  will  leave  the  Malthusian  end  of  this  problem  to  the  politi- 
cal scientist  and  philosopher  and  direct  our  attention  to  the  engineer- 
ing side  of  the  case.  The  accompanying  tables  show  some  of  the  more 
important  items  for  the  States  and  Territories.    Foreign  possessions 


TABLE  4    INCREASE  OF  POPULATION 


Year  of 

OOlfUl 


Total 
poimUtion 


Immigration 


Per  ceot 

Per 

increase 

cent  of 

of  popu- 

immigra- 

lation 

Uon 

36  !l 

86.4 

.... 

88.1 

.... 

33.5 

32.7 

.... 

36.9 

•  • .  * 

35.6 

8.3 

22.6 

6.0 

30.1 

1"! 

5.6 

J- 

24.9 

8.4 

20.7 

4.8 

ii-i 

Foreign  bora 


Per  cent 

foreign 

bora 


1790 
1800 
1810 
1820 
1830 

1840 
1860 
1860 
1870 
1880 

1890 
1900 


3.929,214 
6.308.483 
7.239.881 
9.638.453 
12.866.020 

17.069.463 
23.191.876 
31.443.321 
38.668.371 
60.166.783 

i 

62.622.260 
75.668.686 


2.698.214 
2314.824 
2.812.191 

5.246.613 
3.687.664 


2,244.602 
4.138.697 
5.567.229 
6.679.943 

9.308.104 
10,460.085 


9.7 
13.2 
14.4 
13.3 

14.8 
13.7 
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TABLE  6  COMPARISON  OF  URBAN  POPULATION  AND  AVAILABLE  FARM  LAND 


Yew  of 
eenmu 

Urban 
population 

Per 

cent  of 

toUl 

Number  of 
fanna 

Total 
acres 

Averace 

acres  per 

faim 

Percent 
increase 
of  fauns 

1790 

131.472 
210.873 
366.920 
476.136 
864.609 

1.463.994 
2.897.686 
6.072.266 
8.071.876 
11.318.876 

18.272.603 
24.992.199 

3.4 
4.0 
4.9 
4.9 
6.7 

8.6 
12.6 
16.1 
20.9 
22.6 

29.2 
33.1 

202.6 
199.2 
163.3 
133.7 

136.6 
146.6 

1800 

1810 

1820 

1830 

1840 

1860 
1860 
1870 
1880 

1890 
1900 

1.449.073 
2.044.077 
2.669.986 
4.008.907 

4.664,641 
6,739.667 

293,660.614 
407.212.638 
407,736.041 
636.081.836 

623.218.619 
841.201,646 

41.1 
30.1 
60.7 

13.9 
26.7 

In  the  year  1900.  on  the  basis  of  4000  and  over,  tlie  percentace  of  urban  population  was  37.3. 

are  not  included,  as  they  do  not  enter  into  the  problem  except  as 
disturbing  elements,  and  it  is  to  be  hoped  that  the  franchise  will  not 
be  extended  to  them.  We  must  fight  out  our  political  differences  at 
home  and  not  wait  for  returns  from  the  Philippines  to  know  who  is 
to  be  our  next  President. 

20  Texas  became  one  of  the  United  States  in  1845.  If  we  assume 
the  growth  in  population  of  the  States  and  territories  from  the  year 
1850  to  the  year  1900  as  an  indication  of  the  rate  of  growth  which 
we  may  expect,  that  is,  judge  the  future  by  the  past,  we  can  develop 

TABLE  6    AGRICULTURAL  POPULATION 


Year  of 
eensus 

Population  en- 
gaged in  agricul- 
tural pursuits 

Per  cent  of  total 
population 

Average  value  of 
fannsperaore 

Per  cent  increase 
in  value 

1880 
1890 
1900 

7.713.876 

8.666.926 

10.381.766 

44.3 
87.7 
36.7 

$22.72 
26.81 
24.39 

36.2 
32.0 
27.6 

a  formula  that  fairly  represents  the  case.  Representing  the  popula- 
tion at  any  time,  T  years  subsequent  to  1850,  by  P,  we  find  that  the 
expression: 

Log  P  =  1 .702  (log  T  -  0 .897) 

gives  the  approximate  results  shown  in  Table  7. 

21     We  see  th^t  the  formula  gives  results  corresponding  with  the 
census  for  the  years  1850,  1890,  and  1900.    The  computed  results 
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TABLE  7    COMPARISON  OF  GOHPUTEO  AND  ACTUAL  RATES  OF  GROWTH 


Year 

Population  as  shown 
by  census,  millions 

Population  as  given 
by  fonnula,  millions 

Error  of  formula, 
millions  excess 

1860 
1860 
1870 
1880 
1890 
1900 

23 
31 
39 
60 
63 
76 

23 
32 
41 
62 
63 
76 

1 
2 
2 

for  1860,  1870,  and  1880  are  high,  but  the  eflfect  of  the  CSvil  War  may 
be  assumed  to  be  responsible  for  a  large  part  of  the  loss.  Now  t/this 
formula  holds  good,  as  a  rough  approximation,  for  the  next  hundred 
years  we  may  expect  the  growth  shown  in  Table  8. 

TABLE  8    ESTIMATED  FUTURE  POPULATION  OF  THE  UNITED  STATES 


Estimated 

Estimated 

Estimated 

Estimated 

Year 

population 

density   per 

Year 

population, 

density  per 

millions 

square  mile 

millions 

square  mile 

1910 

89 

30 

1960 

168 

67 

1920 

103 

36 

1970 

186 

63 

1930 

118 

40 

1980 

202 

68 

1940 

134 

46 

1990 

226 

76 

1960 

160 

61 

2000 

246 

83 

22  The  formula  is,  in  my  opinion,  conservative  and  gives  results 
that  will  probably  be^exceeded  up  to  1950.  Beyond  that  time  the 
reversejmay  be  true.  In  round  numbers,  we  may  expect  a  popula- 
tion of^l50  000  000  by  the  year  1950  and  at  the  end  of  the  present 
century  we  will  be  near  the  250  000  000  mark.  Our  development  will 
be  both  agricultural  and  industrial,  and  our  limiting  density  of  popu- 
lation will  be  governed  by  the  ability  of  succeeding  generations 
to  compete  in  the  markets  of  the  world.  A  superficial  study  of  the 
data  will  show  that  while  our  density  will  not  become  excessive 
during  this  century,  we  will  nevertheless  have  to  change  our  present 
extravagant  pioneering  methods  of  working  and  living. 

23  Free  trade  would  result  in  rapid  changes  in  density  of  popula- 
tion, lowering  the  figures  for  the  manufacturing  states  and  raising 
them  for  the  agricultural  states.  This  problem  is  not  for  the  engineer, 
however,  though  he  will  join  the  hegira  while  the  statesmen  are 
solving  the  tariff  question. 
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TABLE  9     DENSITY  OF  POPULATION  OF  THE  NEW  ENGLAND  STATES 

Indieftting  th«  possibilitiei  of  an  Induatrial  development  when  the  market  for  manufactured 
goods  18  protected  from  foreign  competition 


Staiee 

Total  area 
Square 
miles 

^'     Landarea 

Density 

per  square 

mUe  of 

land 

Maine 

33.040 
9.305 
9.565 
8.315 
1.250 
4.990 

3.145 
300 
430 
275 
197 
145 

29.805 
9J005 
9.135 
9.040 
1.053 
4.845 

694.466 
411.588 
343.641 
2.805346 
428356 
908.420 

23.2 

New  Hampehire. t . . .  t  . .  t 

45.7 

Vermont 

37.6 

MaisachuBette 

348.9 

Rho^A  U\*^nA 

407.0 

Connecticut. .  ^ ,,,,,.,.-,. 

187.5 

Total*  and  Birorpirc*. 

62.973 

5392.017 

174.98 

TABLE  10    RATE  OF  GROWTH  OF  THE  NEW  ENGLAND  STATES 


State 

1790 

1800 

1810 

1820 

1830 

1840 

Mfkine 

3.2 
15.8 

9.4 
47.1 
49.1 
63.4 

5.1 
20.4 
16.9 
52.6 
51.8 
63.7 

7.7 
83.8 
22.9 
58.7 
54.1 
70.9 

10.0 
27.1 
25.8 
65.1 
56.8 
76.6 

13.4 
29.9 
30.7 
75.9 
61.4 
89.6 

16.8 

Nim  Han^pthim 

31.6 

Vennont 

32.0 

Massachusetts 

91.8 

Connecticut 

64.0 

Rh/w1^T«W^'1 

100.3 

Average 

31.3 

1 

1850 

35.1 

39.6 

43.6 

50.2 

56.1 

1860 

1870 

1880 

1890 

1900 

Mftine 

19.5 
35.3 
34.4 

123.7 
76.5 

136.0 

21.0 
36.2 
34.5 

153.1 
95.0 

160.9 

21.0 
35.3 
36.2 
181.3 
110.9 
200.3 

21.7 

38.5 

36.4 

221.8 

128.5 

254.9 

22.1 

41.8 

36.4 

278.5 

154.0 

318.4 

23.2 

New  Hampshire 

45.7 

Vennont 

37.6 

348.9 

181.5 

RhoH^  UWfl'l 

407.0 

Average 

66.6 

83.3 

97.4 

116.4 

141.9 

175.0 

24  The  figures  are  given  to  emphasize  the  fact  that  we  have  built 
up  a  condition  in  the  United  States  that  will  require  very  careful 
handling  to  avoid  disaster.  The  tariff  has  built  up  the  trusts,  and  the 
trusts  have  built  up  the  country,  and  the  change  from  present  condi- 
tions must  be  made  slowly  to  avoid  destruction. 

25  The  density  of  population  of  Germany  for  the  year  1900  was 
270  per  square  mile  and  it  has  been  steadily  increasing  since  that  time. 
A  comparison  of  this  figure  with  the  density  of  population  of  the 
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United  States  will  convince  the  student  that  the  German  nation  long 
ago  solved  most,  if  not  all,  of  the  conservation  problems  brought  to 
our  attention  by  the  President.  I  venture  to  suggest  that  we  might 
make  progress  by  ascertaining  the  secret  of  German  frugality  and 
prosperity  rather  than  by  compiling  masses  of  figures  to  prove  that 
which  is  well  known,  viz:  that  we  are  wasting  the  resources  of  nature 
like  a  true  prodigal  son. 

THE   FOREST 

26  One  of  the  resources  which  the  pioneer  finds  at  hand  and  avail- 
able for  immediate  use  is  the  forest.  It  was  necessary  in  many  cases 
to  clear  away  the  primeval  forests  in  order  to  render  the  land  suitable 
for  habitation,  and  this  clearing  had  to  be  done  at  the  minimum 
expenditure  of  labor.  At  present,  however,  the  situation  is  very 
different.  We  are  consuming  over  eight  times  as  much  lumber  per 
capita  as  is  used  in  Europe  and  our  timber  supply  in  the  older  parts 
of  the  country  has  been  exhausted.  It  is  high  time  we  were  taking 
thought  for  the  future  and  making  provision  for  a  supply  of  timber 
for  our  successors.  A  good  example  of  what  may  be  accomplished  in 
this  line  is  to  be  foimd  in  Germany.  Our  own  national  Government 
has  been  making  well  directed  efforts  in  this  direction,  so  far  as  the 
public  lands  are  concerned,  but  the  States  must  each  work  in  their 
respective  domains  in  order  to  accomplish  the  best  results.  The  clear- 
ing of  land  for  farming  is  not  criticised,  but  the  unnecessary  waste  of 
timber  resulting  from  an  inordinate  greed  for  gain  (stimulated  by  a 
tariff)  is  the  thing  that  needs  checking.  At  this  stage  of  the  problem 
we  begin  to  come  into  contact  with  the  position  of  the  engineer  (I  use 
the  word  in  its  broad  sense)  in  relation  to  this  natural  resource.  He 
has  designed  and  built  the  machinery  that  has  made  the  large  produc- 
tion of  lumber  possible.  The  slow  whip-saw  and  broadaxe  methods  of 
our  forefathers  have  given  way  to  the  "  shot  gun  feed,"  and  any  ordi- 
nary saw-mill  will  turn  out  more  lumber  in  a  day  than  the  "  Pilgrim 
Fathers"  could  have  produced  in  a  year. 

27  The  question  that  the  engineer  faces  in  private  practice  is 
how  to  increase  the  output  and  decrease  the  cost  per  thousand 
feet  board  measure.  I  have  personally  devised  ways  and  means  of 
incredsing  the  fuel  consumption  of  the  power  plant  of  a  large  saw 
mill,  as  a  means  of  saving  in  the  operating  expenses  of  the  mill.  The 
problem,  so  far  as  the  mill  was  concerned,  was  to  produce  lumber  at 
the  lowest  price  per  thousand  feet.  A  condition,  and  not  a  theory, 
confronted  the  engineer.    The  alternative  of  meeting  competition  or 
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going  out  of  business  was  the  problem  in^this  case  as  in  many  others, 
and  this  same  test,  under  our  system  of  government,  is  the  force  that 
will  conserve  those  of  our  resources  which  fall  in  the  class  designated 
by  the  President  as  renewable. 

28  Some  of  our  manufacturing  concerns  using  timber  as  a  ''raw 
material"  are  now,  and  have  been  for  some  time  past,  taking  necessary 
precautions  to  insure  a  continuity  of  business  existence.  The  preser- 
vation of  forests  for  other  purposes  than  as  a  source  of  supply  for 
timber  is  "  another  story,"  and  the  questions  involved  are  being 
worked  out  by  the  Bureau  of  Forestry,  under  the  able  direction  of 
Giflford  Pinchot.  The  reservation  of  forest  lands  by  the  Government 
needs  careful  handling  to  insure  the  protection  of  the  citizen  and  to 
see  that  our  timber  supply  is  not  captured  en  masse  in  the  future  by 
consolidated  capital.  A  large  surplus  of  capital,  labor  or  materials, 
generally  makes  trouble,  and  care  must  be  taken  to  see  that  the 
national  Government  does  not  lay  foundations  that  may  be  used  for 
a  timber  trust  of  gigantic  proportions. 

29  The  waste  of  timber  in  the  process  of  manufacture  is  at  present 
as  high  as  75  per  cent  in  some  cases,  and  this  waste  is  not  counted  from 
the  log,  but  from  the  dimension  lumber.  Why  is  it  that  an  English 
firm  can  sell  shuttles  and  spindles  in  this  country,  in  the  face  of  a 
tariff?  They  do  not  waste  anything,  and  the  list  of  by-products 
made  by  them  from  scrap  lumber  would  stagger  a  professor.  A  study 
of  this  problem  for  a  New  England  concern,  however,  indicated  that 
until  the  price  of  logs  went  up  and  the  price  of  labor  came  down, 
by-products  were  not  profitable  undertakings  in  that  locality. 

30  The  first  action  reserving  public  forest  lands  was  due  to  Act 


TABLE  11        FOREST  RESERVATIONS 


States 

Acres 

States 

Acres 

AiiBons 

13.668 .266 

Oklahoma 

60,800 

ArkanfffUf ,    ..... 

1.001,809 

Oregon 

16,221.368 

CaKfornia .    . 

25.742.782 

15.603.157 

854.80l! 

20.000.020 

South  Dakota 

1,263,720 

Colorado 

Utah 

7,424,782 

Florida 

Washington 

12.065.600 

Idaho 

Wjroming. , . . .  r . . . , 

8,008.723 

Kanimt..    . 

302387 

204,7521 

20380.606^ 

566,072 

2.501,052 

8.474,547 

13.040 

t 

Total .. 

Minnesota 

156.707,463 

Montana 

Alaska 

Nebnwka 

12,087,626 

Nevada 

Porto  Rico 

65.050 

NewMexieo 

Grand  total. 

North  Dakota 

168.861.030 
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of  Congress  of  1891.  Since  that  time  the  movement  has  progressed 
until  we  now  have  168  000  000  acres  of  national  forests  in  conti- 
nental United  States  (See  Table  11). 

31  We  use  per  capita  per  year  about  600  ft.  board  measure,  as 
against  an  average  of  about  60  ft.  for  Europe.  Our  use  of  timber 
in  house  building  not  only  consumes  our  supply  but  entails  enormous 
expense  for  insurance  and  fire  protection.  Estimates  of  the  fire  tax 
for  the  year  1907  nm  about  $2.60  per  capita,  as  against  an  estimated 
average  of  $0.35  for  Europe.  The  total  cost  for  fire  losses  and  for  fire 
protection  is  not  known,  but  the  Government  is  at  work  on  the 
problem  and  may  be  able  to  give  some  estimate  in  the  next  census 
report. 

32  Our  suggestion  for  reducing  the  consumption  of  timber  is  by 
the  substitution  of  fibre  products.  This  is  now  done  to  a  large  extent 
by  the  use  of  paper,  and  the  use  can  be  increased.  In  Germany  peat 
products  are  used  to  replace  wood  where  practical.  The  waste  of 
fibre-producing  material  at  present  is  enormous  and  the  sources  of 
future  supply  practically  undiscovered. 

WATBB 

33  Following  the  President's  classification  of  our  natural  resources 
we  tiu*n  to  the  one  great  natural  phenomenon  which  makes  our  coun- 
try suitable  for  the  growth  of  a  great  nation  and  the  development  of 
a  great  people.  The  thing  we  all  must  have  is  water,  and  for  that 
we  are  dependent  on  rainfall.  Those  of  us  who  have  not  experienced 
the  hardships  of  a  scant  and  precarious  water  supply  can  have  no 
appreciation  of  the  bounties  nature  has  lavishly  scattered  through  this 
section  of  the  country,  nor  of  the  local  conditions  created  by  deficient 
rainfall  in  the  irrigation  regions.  In  this  as  in  other  matters  we 
acquire  true  knowledge  only  by  hard  knocks  and  bitter  experience. 

34  The  irrigation  engineer  has  to  deal  with  these  problems,  and 
to  aid  in  the  conservation  of  the  water  resources  of  the  country.  The 
people  of  the  irrigation  districts,  however,  are  the  true  promoters 
of  the  conservation  idea  as  applied  to  water,  and  have  made  laws 
which  have  as  their  foundation  the  beneficial  use  of  the  water. 
Necessity  has  been  the  teacher  and  the  people  have  learned  their 
lessons  well:  as  our  resources  become  scarce  necessity  will  teach  us 
the  same  lesson,  and  eventually  the  doctrines  of  appropriation  and 
application  to  beneficial  use  will  become  general,  for  the  necessities. 
For  the  luxuries  our  present  methods  will  probably  remain  unchanged. 


Digitized  by  VjOOQIC 


THE   CONSERVATION  IDEA   AS   APPUED  TO  THE    A.   S.    M.    E.    593 

35  Our  present  laws  and  methods  of  irrigation  are  of  compara- 
tively recent  date  and  are  in  the  formative  period,  but  the  beginnings 
of  the  art  antedate  history.  Irrigation  was  practiced  by  the  peoples  of 
ancient  China  and  India  and  is  mentioned  in  the  early  Biblical  writ- 
ings. It  was  evidently  practiced  by  the  inhabitants  of  the  arid 
re^ons  of  this  country  also  in  prehistoric  times.  Life  could  not  have 
been  supported  without  it.  Our  general  practice  and  methods  were 
first  derived  from  Mexico  and  show  the  results  of  Spanish  law  and 
practice.  In  the  United  States,  irrigation  was  first  practiced  by  the 
Mormons.  In  some  parts  of  the  country,  irrigation  followed  mining, 
but  the  underlying  principles  governing  the  right  to  use  water  were 
fixed  by  pioneer  necessities  and  followed  Mexican  practice. 

36  The  first  effort  of  the  irrigation  engineer  must  be  to  divest 
himself  of  his  unconscious  prejudice  in  favor  of  the  English  law  of 
riparian  rights,  which  is  set  aside  under  the  conditions  which  call  the 
irrigation  works  into  existence.  The  State  claims  the  fee,  and  grants 
only  an  easement  known  as  a  water  right.  Such  an  easement  may  be 
acquired:  first,  by  an  appropriation,  of  which  some  States  require 
a  notice  to  be  posted,  while  a  mental  process  on  the  part  of  the 
appropriator  seems  sufficient  in  others;  second,  by  the  beneficial  use 
of  the  water.  The  appropriator  acquires  the  right  to  only  as  much 
water  as  he  can  use  for  beneficial  purposes  and  has  not  the  right  to 
waste  water.  The  process  of  law  required  by  the  State  must  be  com- 
plied with  and  when  a  decree  is  issued  as  a  result  of  the  entire  process 
the  appropriator  becomes  possessed  of  an  "  adjudicated  water  right" 
which  is  to  all  intents  and  purposes  property,  but  which  may  be 
abandoned  and  lost  by  non-use.  Decreed  water  rights  are  classified 
as  to  priority,  and  the  principle  of  "first  in  time  is  first  in  right"  is 
strictly  enforced.  The  appropriators  of  water  on  a  stream  are  entitled 
to  water  in  the  order  of  their  priorities,  which  bear  the  date  of  the  appro- 
priation, and  in  times  of  scarcity  the  last  appropriator  is  the  first  to 
be  shut  down.  This  shutting  down  of  headgates  continues  with  a 
growing  deficiency  of  water  imtil  in  cases  of  extreme  drought  the  only 
ditch  operating  will  be  the  oldest  priority.  It  is  the  operation  of  this 
principle  that  has  led  to  the  storing  of  water  in  times  of  plenty  for 
use  during  the  latter  part  of  the  season  when  water  is  scarce.  The 
right  to  take  water  from  the  stream  for  direct  application  to  land  dur- 
ing the  irrigating  season  is  called  a  ditch  right,  the  water  being  con- 
ducted from  the  stream  by  means  of  ditches  and  flumes.  Where  the 
water  is  first  conducted  into  a  reservoir^either  for  use  during  the  same 
season  or  to  be  held  from  one  season  to  another,  the  right  is  called  a 
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storage  right.  Some  storage  rights  are  for  the  non-irrigating  or  stor- 
age season,  and  others  are  for  the  storage  of  early  floods  for  use  later 
in  the  same  season.  In  general,  water  rights  are  either  ditch  rights  or 
storage  rights.  Water  rights  are  classified  in  accordance  with  the 
importance  of  their  use,  viz: 

Domestic  rights,  including  municipal  water  supply. 

Irrigation  rights,  ditch  and  storage. 

Power  rights. 

37  These  rights  rank  as  to  priority,  independent  of  classification; 
that  is,  a  power  right  of  the  lowest  class  may  have  the  oldest  priority 
and  the  first  right  to  take  water.  A  power  right,  however,  can  be 
condemned  for  a  higher  use,  such  as  irrigation  or  domestic  use,  and 
in  turn  an  irrigation  right  may  be  condemned  for  municipal  use,  but 
the  rule  does  not  work  in  the  reverse  order. 

38  The  amount  of  water  taken  by  an  appropriator  is  regulated  and 
controlled  by  a  head-gate  built  in  the  bank  of  the  stream  where  the 
water  is  drawn  out,  and  under  the  charge  of  State  ofl&cials  who  set 
them  to  regulate  the  rate  of  flow  from  stream  to  ditch.  In  early 
days,  ditch  appropriations  were  made  in  inches  of  water,  but  the 
later  appropriations,  and  most  of  the  priorities,  are  recorded  in  cubic 
feet  of  water  per  second  of  time.  Some  appropriations  call  for  as 
much  water  as  will  flow  through  a  ditch  of  given  dimensions  and  grade. 
The  inch  of  water,  variously  known  as  miner's  inch,  sluicing  inch  and 
irrigator's  inch,  is  used  to  designate  the  rate  at  which  water  flows 
through  the  head-gate  or  measuring  box.  In  various  states  and  local- 
ities the  "inch"  represents  different  rates  of  flow.  While  it  is  an 
approximate  measure,  the  inch  is,  nevertheless,  a  very  convenient 
unit.  Many  outstanding  contracts  have  the  inch  as  the  unit  of 
measurement  and  decrees  are  occasionally  issued  in  which  the  right 
to  water  is  limited  by  the  number  of  inches  of  water  decreed.  At 
present  the  tendency  of  the  engineering  profession  is  to  use  the  '^  sec- 
ond-foot" and  the  "acre  foot"  as  the  units  of  rate  and  quantity. 
The  inch  is  a  handy  unit  for  the  irrigator  and  he  will  continue  to  use 
it,  and  the  engineer  must  adapt  himself  to  the  location  and  ascertain 
the  rate  of  flow  represented  by  the  local  inch.  The  following  memo- 
randa on  the  inch  of  water  in  different  states  are  given  for  the  benefit 
of  members  who  may  need  them  at  some  future  time: 

a  The  Colorado  Statute  defines  the  inch  as  follows:  "Every 
inch  shall  be  considered  equal  to  an  inch-square  orifice 
under  a  5  in.  pressure  and  a  5  in.  pressure  shall  be  from  the 
top  of  the  orifice  of  the  box  put  into  the  bank  of  the  ditch 
to  the  surface  of  the  water." 
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b  The  Idaho  Statute  prescribes:  "The  amount  of  water  that 
will  flow  through  an  orifice  one  inch  square  with  a  4  in. 
pressure  above  the  center  of  the  orifice." 

c  The  North  Dakota  Statute  is:  "  The  miner's  inch  shall  be 
regarded  as  ^(^  cu.  ft.  per  second  in  all  cases  except  when 
some  other  equivalent  of  the  cubic  foot  per  second  has 
been  stated  by  contract,  or  has  been  established  by  actual 
measurement  or  use.'' 

d  In  Utah:  "  Standard  measurement  of  flow,  one  cubic  foot 
per  second,  known  as  the  second-foot.  Standard  measure- 
ment of  volume  the  acre-foot." 

e  The  Wyoming  Statute  is:  "A  cubic  foot  per  second  of 
time  shall  be  the  legal  standard  for  the  measurement  of 
water  in  this  State,  both  for  the  purpose  of  determining 
the  flow  of  water  in  natural  streams  and  for  the  purpose 
of  distributing  the  water  thereof." 

/  Montana:  A  new  act  provides  that  "the  cubic  foot  per 
second  shall  be  the  standard  of  measurement;  100  miner's 
inches,  equivalent  to  2^  cu.  ft.  per  second,  not  to  affect 
measurements  heretofore  decreed  by  court." 

g  Nebraska:  Every  inch  considered  to  be  one  inch  square 
orifice  under  a  4  in.  pressure,  and  a  4  in.  pressure  shall  be 
from  the  top  of  the  orifice  in  the  measuring  box  to  the  sur- 
face of  the  water.  "  Boxes  must  be  6  in.  in  height,  except 
where  less  than  12  in.  are  delivered;  have  descending 
slope  i  in.  to  the  foot  and  14  ft.  long;  50  miner's  inches 
under  4  in;  pressure  equivalent  to  1  cu.  ft.  per  second 
of  time." 

h    California:    The  following  is  from  the  San  Francisco  Post, 
of  the  late  70's :    "A  miner's  inch  of  water  is  a  quantity  that 
will  flow  through  an  inch  aperture  with  a  free  discharge  and 
under  a  constant  pressure  of  6  in.  above  the  top  of  the 
opening.    An  aperture  of  12.25  in.  by  15.75  in.,  under  a 
pressure  of  6  in.  above^the  top  of  the  opening,  will  dis- 
charge 200  in.,  and  is  the  basis  of  all  measurements  where 
water  is  retailed  in  small  quantity  in  the  states  of  Cali- 
fomia  and  Nevada." 
39    It  is  customary  to  express  the  ratio  between  the  inch  and  the 
second-foot  as  the  number  of  inches  which  equal  a  second-foot.     The 
values  generally  used  are: 
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Colorado,  miner's  inch. 

50  in.  =  1  sec-ft;  statutory  inch:  38.4. 
GaUfornia,  miner's  inch: 

50  in.  =  1  sec-ft. 
Arizona,  miner's  inch: 
40  in.  «-  1  sec-ft. 
New  Mexico,  miner's  inch: 
50  in.  «  1  sec-ft. 
The  inch  varies  from  50  to  the  second  foot  to  about  34  to  the  second 
foot  and  the  engineer  must  ascertain  the  inch  in  use  in  the  locaUty  for 
which  he  is  designing  work. 

40  In  some  states  the  duty  of  water  is  prescribed  by  law.  By  this 
is  meant  the  duty  which  a  given  flow  or  volume  is  expected  to  perform 
and  this  is  a  measure  of  the  quantity  which  the  appropriator  is  per- 
mitted to  take  for  his  own  use.  In  states  with  codes  modeled  aiter 
that  of  Wyoming,  the  rate  of  flow  is  fixed  from  1  sec-ft.  for  50  acres 
to  1  sec-ft.  for  70  acres.  In  Colorado  the  old  standard  seems  to  have 
been  1  in.  per  acre,  and  present  practice  tends  to  a  flow  of  1.44  sec.  ft. 
for  80  acres. 

41  Experience  has  demonstrated  the  potentiality  of  the  soil  of  the 
arid  regions,  proving  that  with  proper  handling  good  crops  can  be 
raised  and  money  made  by  the  farmer.  In  the  ^Sacramento  and  San 
Joaquin  valleys  there  is  an  irrigated  area  of  250  000  acres  and  a  popu- 
lation estimated  at  300  000  where  the  population  16  years  ago  did  not 
exceed  60  000. 

^)a^42  As  an  example  of  what  is  being  accomplished  in  Colorado,  the 
figures  in  Tables  12  to  16,  compiled  from  the  report  of  Thos.  W. 
Jay  cox,  State  Engineer,  may  be  of  passing  interest  to  us  and  of 
value  to  the  irrigation  engineer. 

43  The  most  striking  feature  of  the  conservation  of  rainfall  is 
the  impounding  of  the  surplus  water  of  one  season  against  the 
deficiency  of  another.  The  work  of  the  Western  pioneers  has  accom- 
plished wonders  in  making  waste  places  habitable  and  in  building  up  a 
territory  otherwise  barren  and  improductive.  The  Reclamation 
Service  has  done  good  work  in  opening  up  for  settlement  a  large 
amount  of  land.  Table  16,  compiled  from  the  Government  records, 
shows  the  work  in  hand. 

44  The  work  accompUshed  by  the  Reclamation  Service  is  a  good 
example  of  the  conservation  idea  properly  applied,  and  the  example 
should  be  followed  by  States  and  individuals  where  practicable. 
The  work  of  the  Government  in  this  Une  can  not  be  over-estimated;  it 
adds  to  our  resources  and  that  in  a  way  that  puts  the  land  in  the  hands 
of  the  farmer. 
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Irriqation  Statistics  or  Colorado  1906 

TABLE  12    EXTENT  OF  IRRIGATION 


Length  of  Main  Diteh,  BfUes 

Length  of  LatenUf .  Miles 

Water  uaed.  Acre  feet 

dope  Inigated 

Alfalfa 

Natural  Graaeee 

Oereala 

Orehards 

Market  gardene 

Potatoes 

Sugar  beets 

Other  crops 

Total  acres  irrigated 

Total  acres  that  can  be  irrigated 

Average  water  applied 

Aere  feet  per  acre 


Division 
No.  1 
3314 
1027 

1.228.821 


Division 
No.  2 
2840 
2147 

1.607.292 


Total 

6154 

4074 

2.836,113 


225.495 

204.907 

328.357 

12.786 

18.132 

43.748 

81.375 

34.937 

921.675 

1.310.125 


136,464 

49.424 

67.051 

14.453 

2.962 

799 

46.668 

31.913 

376.734 

533.737 


388.959 

254.331 

395.408 

27.239 

21.094 

44.547 

128.043 

66.850 

1,298.409 

1.843.862 


TABLE  18     YIELD  OF  IRRIGATED  LAND 
Boulder  County 


Fruit 


Average  yield 
per  acre 


Average  selling 
price 


Crop  value 
per  acre 


Apples 

Cherries 

Blackberries. 
Raspberries. . 
Strawberries. 


300  boxes 

300  crates 

3500  quarts 

4800  quarts 

5000  quarU 


10.90  per  box 
2.00  per  crate 
0.15  per  quart 
0.12  per  quart 
0.10  per  quart 


$270 
600 
525 
596 
500 


Denver  City  and  County 


Apples 

Plums 

Cherries 

Blackberries. 
Raspberries. . 
Strawberries. 


300  boxes 

600  crates 

350  crates 

1800  quarts 

4000  quarU 

2000  quarto 

10.90  per  box 

$270 

0.50  per  crate 

250 

2.00  per  crate 

700 

0.20  per  quart 

360 

0.15  per  quart 

600 

0.10  per  quart 

200 

Jeffenon  County 


Apples 

Plums 

Cherries 

Blackberries. 
Raspberries. . 
Strawberries. 


300  boxes 

400  crates 

350  crates 

1600  quarts 

3200  quarts 

2400  quarts 


$0.50  per  box 
0.50  per  crate 
2.00  per  cratt> 
0.20  per  quart 
0.10  per  quart 
0.10  per  quart 


$150 
200 
700 
320 
320 
240 


Statistics  obtained  in  Denver. 
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TABLE  14    SUGAR  BEET  RECORDS 
COLORADO,  1907 


AOTM 

Net  Tom  of  beet* 

Tone  per  acre 

Value  of  orap 

Crop  ralue  per 
aere 

16.0 

264.70 

16.6 

$1329.80 

$83.11 

20.7 

393.70 

19.0 

2000.79 

96.66 

17.8 

541.50 

30.4 

2633.11 

147.93 

62.7 

1250.00 

23.9 

6299.57 

119.55 

80.2 

458.60 

15.2 

2303.44 

76.30 

9.7 

258.40 

26.6 

1291.79 

133.17 

48.1 

1025.50 

21.3 

4996.88 

103.89 

85.5 

542.40 

15.3 

2711.77 

76.39 

24.0 

485.00 

20.2 

2425.00 

101.04 

25.0 

521.00 

20.8 

2655.28 

106.21 

47.0 

877.60 

18.7 

4466.75 

95.04 

85.0 

1028.70 

29.4 

5143.43 

146.95 

10.0 

301.00 

30.1 

1504.61 

150.46 

338.0 

5975.60 

17.6 

29877.90 

88.40 

47.2 

828.40 

17.6 

4022.85 

83.75 

17.0 

444.10 

26.1 

2218.99 

130.53 

37.0 

816.70 

22.1 

4143.73 

112.00 

50.0 

1012.30 

20.2 

5061.45 

101.23 

860.9 

17025.20 

Average 

391.10 

$85087.14 

$1952.60 

21.7 

106.46 

Arerage  ooet  of  producing  U  about  $35  per  acre. 


TABLE  15    CROPS  WITHIN  DRIVING  DISTANCE  OF  DENVER 

1907 


Acres 


Yield 


Selling  Price 


Value  of 

crop  per 

acre 


Net  per 


Strawberries. . 
Raapberrieif*  . 


14 
25 
12 
24 
35 


Cabbage,  average  cropf . 

Onions 

Late  cauliflower 

Celery 

Turnips 

Parsnips 


1600  crates 
1600  crates 
500  crates 
1000  crates 
1600  crates 
20  tons 


12 

1 
1 
1 


3000  dosen 
20  tons 
20  tons 


$1.40  per  crate 
2.00  per  crate 
2.25  perorate 
1.50  perorate 
1.50  per  crate 
0.75  per  hundred 
1.50  per  sack 
0.025  per  pound 
.27  per  dosen 

12.00  per  ton 

15.00  per  ton 


$588.00 
640.00 
562.50 
376.00 
500.00 
300.00 
300  to  450 
300.00 
810.00 
240.00 
300.00 


$464 


180  to  270 

200 

600 
165  to  190 

250 


*  AT«n«e  ooet  of  pioUnc  orating  and  mariciling  $0.56  per  orat« 
t  Average  cost  of  prodaotion,  marinCing,  etc..  $60  per  orop 
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TABLE  16    AREAS,  COST,  EXPENDITURES,  ETC..  ON  ENTIRE  IRRIGATION  PROJ- 
ECTS OR  ON  SUCH  UNITS  AS  IT  IS  EXPECTED  TO  COMPLETE  BY  1911 


Loeation 


Project 


Area  in 


Estimated 
coet 


I     Estimated 
expenditure  to 
December  31, 
1907 


Per  cent 
of  com- 
pletion 


Arisona 

California 

California 1 

Arisona j 

Colorado 

Colorado 

Idaho 

Idaho 

Kansas 

Montana 

Montana 

Montana 

Nebraska ) 

Wyoming  . . . .  / 

Nevada 

New  Mexico 

New  Mexico  . « . . 

New  Mexioo 

New  Mexioo. . .  1 

Texas J 

North  Dakota. . . 

Montana 1 

North  DakoU    j 

Oregon 

Oregon,  California 
South  Dakota 

Utah 

Washington . . 
Washington . . 
Washington  . . 
Washington . . 
Wyoming  .... 


Salt  River. 
Orland 

Yuma 


Uneompahgre 

Grand  Valley 

Minidoka 

Payette-Boia 

Garden  City 

Huntley 

Milk  River,  including 

St.  Mary 

Sun  River 

North  Platte 


Truckee-Carson. 

Carlsbad 

Hondo 

Leasburg 

Rio  Grande 


Pumping.        Buford, 
Trenton.    Williston 

Lower  Yellowstone  . 


Umatilla 

Klamath 

Belle  Fourche 

Strawberry  Valley . 

Okanogan  

Sunnsrside 

Tdton 

Wapato 

Shoshone 


210.000  j 
30.000  I 

100.000  \ 

140.000  i 
50.000  , 
160.000 
100.000  ' 

8.000 
30,000 

30,000 
16.000 

110.000 

170.000  I 
20.000 
10.000  , 
10.000 

160.000  I 


40.000  I 

66.000  ; 

18.000  I 

120.000  I 

100.000  ! 

30.000  i 

8.000 

40,000 

24.000 

20.000 

100,000 


$6,300,000  I 
1.200.000 

4.500.000 

5.600.000 
2.250.000 
4.000.000 
3.000.000 
350.000 
900,000 

1,200.000 
500.000 

3.850.000 

4,800.000 
640.000 
370.000 
200.000 

8.000.000 

1.240.000 
2.700.000 


1.910.000       $70,000,000 

I  I 


$4,362,100 
16,900 

1.876,700 

2.900.000 

9,750 

1.839,700 

1.381.500 

282,000 

796,400 

314300 
344,100 

2.797,300 

3.804.600 
579,400 
358,600 
167.900 

53,200 


519.600 
751.850 


1.100.000 

765,500 

3,600.000 

1,305.080 

3.500.000 

1.281.900 

1.500.000 

418.700 

500.000 

372.180 

1.600.000 

481,180 

1.500.000 

565,420 

600.000 

5,220 

4,600.000 

2,313,990 

$30,665,570 


From  Blanohard 


69.2 
1.4 

41.7 

51.8 
0.4 
46.0 
46.5 
80.5 
88.4 

26.2 
69.0 

73.0 

79.2 
81.5 
97.0 
83.9 

0.6 


41.9 

64.9 

69.6 
36.2 
36.6 
27.9 
74.4 
30.7 
37.6 
8.7 
51.5 


46  Irrigation  projects  are  not  proper  subjects  for  the  speculator. 
While  there  is  a  large  increase  in  values  resulting  from  a  properly 
executed  irrigation  undertaking,  the  increase  in  vdue  is  not  an  "  un- 
earned increment:"  the  farmer  must  earn  it.  The  fact  that  irriga- 
tion works  are  necessary  for  cultivation  does  not  change  the  status 
of  the  land  from  that  of  farm  land  in  general.  The  real  development 
and  improvement  must  be  made  by  those  fitted  to  till  the  soil  and 
become  permanent  inhabitants  of  the  reclaimed  land.    The  inability 
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to  see  this  simple  truth  has  caused  numerous  speculators  to  lose 
money  and  has  thrown  a  large  number  of  highly  advertised  irrigation 
schemes  into  bankruptcy.  Speculative  interests  will  take  desperate 
chances  and  trust  to  the  ability  of  sales  agents  and  glaring  advertise- 
ments to  "  unload"  before  the  inevitable  failure  comes.  The  reclama- 
tion act  has  avoided  this  rock,  on  which  so  many  private  undertakings 
split,  by  limiting  the  amoimt  of  land  to  each  settler,  and  the  cost  per 


TABLE  17    CONDITION  OP  LAND   AND   EXTENT  OF  WATER   SUPPLY    IN    THE 
WESTERN    PUBLIC    LANDS 


StatM  and  Territoriea 


Arizona. 
California. 
Colorado. 
Idaho. 
Montana. 
Nebraska  . 
Nevada. 
New  Mexico. 
N.  DakoU. 
Oregon... . 
S.  DakoU  . 
Utah. 

Washington i     43 

Wyoming 62 


MILLIONS  OF  ACRES 


Wood- 
land 


Forest 


14 

5 

19 

19 

9 

5 

12 

11 

7 

12 

2 

e 

1 

12 

4 

1 

0 

10 

1 

16 

4 

13 

13 

3 

4 

Desert 


Arable 


Irrigated 


15 

0.. 

20 

15.0 

2.0 

1.0 

1.0 

22.0 

20 

1.0 

0.5 

6.0 

5.0 

10.0 

10 

2.0 

2.0 

5 

1.0 

Water 
Supply 


0.2 

2 

1.5 

17 

1.2 

8 

0.5 

5 

0.8 

11 

2 

0.5 

2 

0.2 

4 

2 

0.3 

3 

2 

0.6 

4 

0.1 

3 

0.5 

0 

TABLE  18    SWAMP  LANDS 


States 


Area  in 
square  miles 


SUtes 


Florida , 

Louisiana 

Western  States 

Arkansas 

Biississippi.... , 

Michigan 

Minnesota 

Wisconsin 

Maine 

North  Carolina. 

Georgia 

Illinois 

BCiraouri 

South  Carolina. 

New  York 

Alabiuna 

Vlrgjnia 

Tenn 
Ohio, 


29.000 
15.000 
10.000 
9,000 
9,000 
7.500 
6.000 
4.500 
4.000 
3,760 
3.750 
3.500 
3.000 
2,750 
2.500 
1.750 
1.600 
1.250 
1.250 


Area  in 
square  mile 


Indiana 

New  Jersey. ... 
New  Hampshire, 
Massachusetts. . 

Maryland 

Iowa 

Vermont 

Nebraska 

North  Dakota. . . 
South  Dakota. . . 

Kentucky 

Pennsylvania... 

Kanbas 

Connecticut 

Delaware .    

Rhode  Island 


1.250 
900 
600 
500 
500 
400 
400 
400 
375 
375 
350 
300 
250 
100 
50 
30 


125.880 


Google 
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acre  of  the  project,  and  by  requiring  the  actual  use  and  improvement 
of  the  land  to  acquire  title.  The  act  recognizes  the  fundamental 
principle  of  appropriation  in  the  following  language: — "That  the 
right  to  the  use  of  water  acquired  under  the  provisions  of  this  act 
shall  be  appurtenant  to  the  land  irrigated,  and  beneficial  use  shall  be 
the  basis,  the  measure  and  the  limit  of  the  right."  This  provision  of 
the  act  has  been  carefully  drawn  for  the  protection  of  the  farmer  and 
the  confusion  of  the  speculator. 

46  The  States  that  have  lands  subject  to  their  control  should 
follow  this  good  example  by  adopting  laws  controlling  the  develop- 
ment of  irrigation  projects  and  exercise  stringent  control  and  super- 
vision over  water  rights  and  districts  subject  to  floods.  In  fact,  the 
general  government  should  assume  supervisory  control  over  all 
projects  for  the  development  of  lands  liable  to  disastrous  flooding. 
Table  17,  taken  from  the  Government  records,  shows  in  condensed 
form  the  general  situation  and  the  work  remaining  to  be  done. 

SWAMP   LANDS 

47  Another  field  of  operation  is  the  reclamation  of  swamp  lands. 
A  little  work  is  in  progress  in  this  line,  but  compared  with  the  total 
amount  of  work  to  be  done,  it  is  not  worth  mentioning.  Table  18, 
compiled  from  records  of  the  Geological  Survey  by  Herbert  M.  Wilson, 
shows  the  field  for  work. 


POWER — WATER 

48  In  connection  with  irrigation  and  municipal  water  supply  in 
arid  and  semi-arid  regions  is  the  closely  related  problem  of  power. 
In  all  the  states  in  which  appropriation  of  water  is  made,  the  appro- 
priation for  power  purposes  is  recognized.  As  a  general  proposition, 
the  development  of  a  water-shed  for  irrigation  and  power  purposes, 
jointly,  is  not  practicable.  In  sections  of  the  coimtry  where  coal  is 
cheap,  the  power  phase  of  the  water  supply  question  will  lie  dormant 
until  the  cost  of  coal  reaches  a  point  that  makes  the  installation  of 
hydro-electric  plants  feasible  from  a  money  standpoint.  There  seems 
to  be  a  hypnotic  power  attached  to  hydraulic  power  schemes  that 
causes  promoters  and  investors  to  lose  sight  of  the  fact  that  the  real 
criterion  is  fixed  charges  versus  operating  expenses.  It  may  also  be 
the  idea  that  they  are  going  to  get  something  for  nothing  which  warps 
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judgment.  Be  that  as  it  may,  the  fact  remains  that  over-enthusiasm 
in  the  direction  of  hydraulic  power  plants  has  caused  much  trouble 
and  loss  of  money.  In  locations  such  as  the  Pacific  Coast,  with  coal 
at  about  $14  per  ton,  the  hydro-electric  plant  finds  its  true  habitat, 
but  in  the  vicinity  of  coal  mines,  where  cheap  fuel  prevails,  the  steam- 
driven  plant  is  the  present  solution.  So  far  as  the  conservation  of 
water  power  is  concerned,  much  may  be  said,  but  the  problem, 
.  involving  as  it  does  the  fundamental  question  of  ownership  by  the 
individual,  the  state  or  the  nation,  and  the  further  legal  question  of 
riparian  rights  as  opposed  to  appropriation,  is  one  that  it  will  require 
much  study  and  many  legal  battles  to  solve. 

49  The  water  power  problem  does  not  form  a  part  of  the  conser- 
vation problem.  The  question  is  not  one  of  the  waste  of  water  and 
the  resource  does  not  fall  into  either  of  the  classes  into  which  the 
President  divided  our  natural  resources.  It  is  neither  renewlEtble  nor 
non-renewable  and  its  use  does  not  diminish  the  supply.  The  ques- 
tion involved  is  one  of  ownership  and  the  real  conservation  will  be 
effected  by  legislation  that  will  protect  the  public  from  the  loss  of 
valuable  rights.  The  improvement  in  long  distance  transmission  from 
the  10  miles  of  10  years  ago  to  the  200-mile  lines  of  to-day  makes  water 
power  available  over  large  districts.  In  California  four  power  com- 
panies, with  an  aggregate  capital  of  some  fifty  millions  of  dollars 
control  thirty  hydro-electric  and  steam  power  plants.  In  the  entire 
state  about  250  000  h.p.  is  in  operation  under  private  control. 

50  Mr.  Lindsay  states  that  there  is  a  potential  development  of 
800  000  h.p.  on  four  rivers  in  the  northern  part  of  California  that  are 
under  private  control  and  that  but  20  000  is  utilized,  the  balance  being 
tied  up  by  speculative  interests.  Heretofore  Congress  has  required 
no  compensation  for  water  power  grants  and  during  the  last  ten  years 
has  handed  over  to  promoters  and  speculators  33  such  grants 
gratis.  The  same  authority  states  that  of  about  16  000  000  h.p. 
nowinuseintheUnitedStates,  lessthan  J  is  from  water  power  and 
1  600  000  h.p.  is  going  to  waste  over  Government  dams.  The  total 
water  horse-power  available  for  immediate  use  is  given  as  25  000  000. 

51  I  am  well  aware  that  the  Waterways  Commission  was  "  tacked'' 
on  to  the  Conservation  movement,  but  that  was  because  Congress  and 
the  President  had  some  differences  of  opinion  regarding  appropria^ 
tions,  and  the  water  power  question  was  also  included.  A  strong  veto 
message  would  stop  a  water  power  scheme  for  which  the  grantees 
were  not  required  to  render  a  just  equivalent,  without  the  considera- 
tion of  a  National  Commission  on  Conservation  of  Natural  Resources. 
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52  So  far  as  our  Western  rivers  are  concerned,  time  has  shown  that 
the  method  of  transportation  which  gives  the  lowest  total  cost  of 
moving  freight  is  the  one  that  gets  the  business.  For  short  hauls 
between  river  towns  water  transportation  is  cheaper  and  quicker  than 
railways,  for  ordinary  freight,  but  the  advantage  disappears  as  the 
distance  increases.  For  export  shipments,  from  St.  Louis,  the  addi- 
tional expense  for  insurance  and  interests  on  cargoes,  with  the  cost 
of  returning  empty  barges,  has  proved  too  great  a  handicap  for  river 
transportation  to  overcome.  These  items  of  expense  are  not  materi- 
ally lessened  by  river  improvement,  and  it  is  not  readily  apparent 
how  any  depth  of  channel  will  materially  lessen  them  or  reduce 
fixed  charges. 

63  As  the  coimtry  becomes  more  thickly  settled  our  rivers  will  have 
to  be  improved  and  controlled,  and  the  sooner  this  work  is  inaugurated 
on  proper  lines  the  less  will  be  the  total  cost  of  the  work,  but  to  put 
forth  unsound  arguments  and  to  use  the  public  works  of  the  country 
to  influence  votes  is  not  conducive  to  the  continued  development  of 
our  Republic.  There  is,  at  present,  a  strong  tendency  towards 
bureaucratic  development  that  is  inimical  to  the  successful  continuity 
of  our  form  of  Government.  The  waterways  movement  is  not  free 
from  political  influences  and  The  American  Society  of  Mechanical 
Engineers  will  do  well  to  keep  all  political  questions  out  of  its  pro- 
ceedings. 

POWER — COAL 

54  Following  logically  after  water-power  is  the  problem  of  con- 
serving our  present  great  source  of  light,  heat  and  power,  co<U.  To 
the  discovery  and  use  of  coal  is  to  be  attributed,  more  than  to  any  other 
cause,  the  rapid  development  of  the  United  States.  It  is  the  primary 
source  of  the  power  that  has  moved  the  wheels  of  commerce  and 
manufacture.  The  rate  at  which  we  are  consuming  this  heritage  from 
Nature  is  suflScient  evidence  of  the  necessity  of  an  inquiry  into  the 
probable  supply. 

56  Mr.  Wilson,  of  the  U.  S.  Geological  Survey,  estimates  that  our 
present  rat^  of  increase  in  the  consumption  of  coal  indicates  that  our 
supply  will  be  exhausted  in  about  200  vears.  Estimates  in  this  field, 
as  in  other  long  range  predictions,  are  to  be  taken,  however,  as  an 
integration  of  our  present  available  differential  coeflScient.  The  law 
of  the  curv'^e  may  not  be  properly  expressed  by  deductions  from  our 
present  knowledge,  and  future  observations  may  prove  that  we  are 
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drawing  conclusions  from  insufficient  data,  obtained  at  the  apex  of 
the  curve.  I  well  remember  that  our  professor  of  mining  engineer- 
ing explained  to  the  class  of  which  I  was  a  member  the  uselessnese 
of  prospecting  for  coal  in  the  Rocky  Mountains.  It  is  quite  plain  at 
this  time  that  his  data  were  insufficient.  We  now  realize  that  the 
conclusions  of  a  Conference  on  the  Conservation  of  Whales,  had  one 
taken  place  in  New  Bedford  some  years  ago,  would  have  created 
unnecessary  alarm  and  expense.  While  whales  were  an  important 
item  in  that  day  and  generation,  the  present  civilization  does  not 
need  them. 

56  The  coal  problem  is,  however,  one  requiring  some  considerar 
tion.  Coal  once  consumed  can  not  be  replaced,  and  the  steadily 
increasing  cost  of  fuel  must  be  faced.  We  have  in  the  United  States 
prices  ranging  from  less  than  SI  to  over  $14  a  ton  for  coal.  I  know  of 
a  railway  power  house,  in  Illinois,  where  the  coal  costs  about  $0.70 
a  ton  delivered  on  the  grates.  The  only  way  to  conserve  our  supply 
of  coal  is  to  use  it  as  economically  as  possible. 

57  In  the  economical  use  of  cofd  we  have  two  main  questions, 
mining  and  burning.  With  our  easily  mined  Western  coals  it  pays  to 
use  "  wasteful  methods"  and  these  mining  methods  will  continue  until 
there  is  a  radical  change  in  present  conditions.  The  mine  operator 
and  his  engineer  must  meet  competition.  They  do  not  adopt  mining 
methods  in  advance  of  the  times  for  fear  of  the  certain  end  of  their 
coal  mining  operations  in  bankruptcy.  Just  so  long  as  it  pays  to 
work  a  mine  for  the  best  coal  only,  this  process  will  continue  and  the 
future  will  have  to  take  care  of  itself.  Which  one  of  you,  as  house- 
holder or  engineer,  will  put  up  with  a  poor  run  of  coal,  in  order  that 
posterity  may  have  good  coal?  The  departments  of  our  Government 
demand  the  best  grade  and  are  not  willing  to  take  the  '^  run  of  the 
mine."  This  means  that  the  poor  grades  are  pushed  on  smaller 
purchasers  or  "  go  over  the  dump."  If  the  Government  wishes  to  set 
an  example  in  the  conservation  of  the  coal  supply,  let  an  effort  be 
made  to  adjust  the  power  plants  and  heating  plants  in  Washington 
to  burn  the  low  grade  fuel. 

58  Why  does  not  the  doctrine  of  *'  first  in  time  is  first  in  right,"  so 
strenuously  introduced  and  so  vigorously  supported  in  the  case  of 
"water  rights,"  apply,  and  permit  the  present  generation  to  mine  as 
they  choose  and  grant  the  same  privilege  to  succeeding  generations? 
Who  knows  but  that  in  the  development  of  the  plans  of  the  "  Supreme 
Architect  of  the  Universe"  worlds  and  planetary  systems  have  birth, 
youth,  manhood,  old  age  and  death  and  that  we  are  but  a  small  part 
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of  the  ways  and  means  for  executing  a  very  small  part  of  the  universal 
plan?  Our  boasted  civilization  and  rapid  progress  may  be  an  indica- 
tion that  the  end  is  rapidly  approaching. 

69  The  outlook  for  improvement  in  mining,  so  far  as  conserving 
the  coal  supply  is  concerned,  without  a  consolidation  of  competitors 
is  not  promising.  How  to  accomplish  the  desired  result  under  our 
form  of  government,  with  unlimited  competition,  is  not  readily  appar- 
ent; and  mining  will  continue  as  in  the  past,  until  the  Statesman  and 
law  maker,  in  deference  to  the  opinions  of  the  people,  make  radical 
changes  in  our  fundamental  laws.  The  present  waste  of  both  coal  and 
life,  in  mining,  should  be  reduced  to  a  minimum.  Both  wastes  are 
due,  primarily,  to  the  same  cause.  The  selling  price  of  coal,  unless 
trust-controlled,  must  be  kept  down  to  competition  prices,  and  in  the 
Illinois  mines  the  miner  takes  desperate  risks  in  order  to  reduce  his 
percentage  of  dead  work,  and  occasionally  pays  for  the  risk  with  his 
life.  The  imnecessary  loss  of  life  has  been  reduced  in  other  countries 
and  can  be  reduced  in  our  country.  It  is  due  to  an  uncontrolled 
greed  for  gain.  Personally,  I  am  of  the  opinion  that  the  doctrine  of 
"  appropriation  and  beneficial  use"  offers  many  advantages  not  now 
understood  and  appreciated,  and  that  it  should  be,  so  far  as  practic- 
able, applied  to  oiu*  remaining  natural  resources  under  public  control. 

60  The  mechanical  engineer  is  more  interested  in  the  use  than 
in  the  mining  of  coal,  but  here  again  he  is  confronted  withthe  ever  - 
present  problem  of  "  making  both  ends  meet''  and  while  h  e  can  not 
afford  to  be  far  behind  the  times,  he  realizes  that  he  also  can  not 
afford  to  lose  money  by  getting  too  far  ahead  of  the  times.  Our  last 
20  years  of  progress  in  electrical  lines  is  a  good  illustration  of  the  cost 
of  a  rapid  improvement  in  the  general  state  of  an  art,  and  many  of  our 
electrical  undertakings  are  loaded  with  fixed  charges  which  represent 
the  sins  and  shortcomings  of  preceding  plants,  relegated  to  the  scrap 
pile  befoi:e  they  had  earned  a  fraction  of  their  cost. 

61  For  the  production  of  power  the  gas  engine  and  producer  give 
promise  of  a  large  saving  in  coal.  The  best  data  at  hand  indicating 
the  saving  that  may  result  in  ordinary  practice  are  in  the  report  of 
tests  conducted  at  the  World's  Fair  of  1903  by  the  U.  S.  Geological 
Department.  The  condensed  results  of  the  tests  are  shown  in  the 
following  tables,  which  represent  as  nearly  as  possible  the  conditions 
of  ordinary  practice. 

62  At  present  the  gas  engine  and  gas  producer  are  in  the  stage  of 
development.  In  the  slang  of  the  engineer,  there  are  still  some 
''  bugs"  to  be  gotten  out  of  the  apparatus.     As  applied  to  blast  fur- 
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TABLE  19    COMPARATIVE  SUMMARY  OF  LEADING  RESULTS  OF  COAL  TESTS 
MADE  UNDER  THE  BOILER  AND  IN  THE  GAS  PRODUCER 


Duration  op  Trial 

Total   Dry   Coal 

Consumed  per 

Hour* 

Dry  Coal  Burned 
PER  Square  Foot 
OP    Grate    Sue- 
pace  PER  Hour 

NaoM  of  sample 

Steam 
plant 

Gas 

producer 

plant 

Steam 
plant 

Gas 

producer 

plant 

Steam 
plant 

Gas 
produoer 
plantt 

Hours 

Hours 

Pounds 

Pounds 

Pounds 

Pounds 

AUbamaNo.  2.. 
Colorado  No.  1.. 
lUinoisNo.  3 

10.02 

9.97 

10.13 

10.02 

9.93 

43.00 
80.00 
30.00 
30.00 
20. A7 

874 
722 
861 
938 
908 
832 
778 

328.7 
341.7 
356.7 
348.5 
384.3 
312.0 
374.0 

21.54 
17.80 
21.23 

7.78 

7.66 

R  4\ 

UUnois  No.  4 

23.13         7.96 

Indiana  No.  1 

22.39         0.08 

Indf^%  N".  2 

10.13           7.00 
9.75    1     31.00 

20.51 
10.17 

7.13 

Indian  Territory  No.  1 

8.95 

Kentucky  No.  3. 
Missouri  No.  2... 

10.07         80.00 
9.98           4.33 
9.98         24.00 

882 

1014 

768 

381.2 

21.75 

8.92 

339.6         25.00 
315.6      .  18.94 

7.96 

W.  Mrginla  No.  1 

7.36 

W.  Viicinia  No.  4 
W.Vii«iniaNo.9 

10.00    1       9.00 
10.00           6.33 

770 
721 

268.2         18.98 
320.1          17.78 

5.96 

7.60 

W.Virginia  No.  12 

10.13     '     30.00 

719 

300.5          17.68 

6.92 

WjfomingNo.  2 

9.95         30.00 

1075 

416.5    1     26.51 

1 

9.50 

Watsr   E vapor- 

ATBO  FROM  AMD 

B.T.O.    PER 

Drt  Coi 

Elkctric  Horsb  Power 

Total  Dry  Coal  per  Elec- 

AT212DBQ.FAHR. 
»'^   PBR  POUND 

iL   UbKD 

Dbuterbo  to  Switch- 
Board 

trical  HoRKE  Power 
PER  Hour* 

Dry  Co  A  L 

Steam  plant 
Pounds 

Steam 
plant 

Gas    pro- 
ducer 

Steam 
plant 

Gas  Producer 

1 

Gas 
8t«mpl«,t         ^^^^ 

Po""-^            Pound. 

8.55 

12.555 

13.365 

213.7 

200.6 

4.08                  1.64 

7.21 

12.577 

12.245 

149.1 

200.2 

4.84                  1.71 

8.04 

12.857 

13.041 

198.1 

199.6                 4.34        ;       tl.79 

7.27 

12.459 

12.834 

195.4 

19a  4                 4.80               J1.76 

8.45 

13.377 

13.037 

220.0 

199.9                 4.13               tl  03 

8.02 

12.452 

12.953 

191.0 

201.0         1         4.35               tl.55 

8.64 

12334 

13,455 

192.3 

204.0                 4.04         ,         1.83 

8.27 

13.036 

13.226 

208.9 

200.5         1         4.22         1       tl.91 

7.08 

11.500 

11.882 

205.6 

198.6        i         4.93               tl.71 

8.95 

14.198 

14.396 

196.7 

200.4         1         3.90                 1.57 

9.65 

14.002 

14.202 

212.5 

199.7                 3.62        '         1.29 

10.90 

14.616 

14.580 

208.2 

201.1                  3.46         1         1.50 

9.90          ,      15.170 

14.825 

203.6 

199.8        ,         3.53        1       n.50 

5.92 

10.897 

U 

}.656 

182.0 

201.2 

5.90        ! 

1 

2.07 

*     In  gas  producer  plants  this  includes  the  coal  consumed  in  the  produoer  and  the  coal 
equivalent  of  the  steam  used  in  operating  the  producer, 
t     Coal  actually  consumed  in  producer  only. 
t     Gas  producer  hopper  leaked  during  these  tests. 
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nace  work  and  for  running  on  natural  gas  the  gas  engine  is  giving 
results  that  indicate  its  ultimate  success.  In  furnace  work  the  gas 
engine  uses  about  40  per  cent  of  the  blast  furnace  gas  consumed  under 
boilers  suppl3dng  steam  to  a  first-class  steam-blowing  engine  of  the 
same  capacity.  This  rate  is  confirmed  by  data  from  a  gas  engine 
driven  dynamo  and  indicates  that  a  saving  of  about  60  per  cent  in 
coal  is  possible  by  substituting  gas  engines  for  steam  engines  of  the 
ordinary  type.  On  natural  gas  the  guaranteed  performance  of  the 
gas  engine  is  generally  at  the  rate  of  one  horsepower  on  10  000  B.t.u. 
This  with  "  12  cent"  gas,  in  the  Joplin  lead  district  of  Missouri,  will 
make  the  fuel  cost  per  kw-hr.  on  the  bus  0.15  cents. 

63  With  a  going  concern  the  operating  cost  of  producing  power  is 
generally  a  small  part  of  the  total  cost,  and  the  coal  cost  is  still 
smaller,  so  that  such  factors  as  fixed  charges  and  reliability  are  very 
important  in  deciding  the  kind  of  power  plant  best  suited  to  furnish 
power  for  the  undertaking.  The  true  solution  is  f oimd  when  the  cost 
of  power  per  unit  of  output  is  a  minimum  and  there  is  no  diminution 
of  output  due  to  power-house  causes.  In  designing  plants,  with  a 
high  labor  and  a  low  material  market,  the  engineer  often  finds  the 
power  plant  which  will  produce  a  horse-power-hour  with  the  smallest 
coal  consumption  to  be  the  most  expensive  plant  under  operating 
conditions.  I  have  in  mind  from  my  personal  experience  two  illus- 
trations of  this.  In  one  case  a  power  plant  and  arrangement  of 
machinery  were  used  that  would  make  the  graduate  mechanical  engi- 
neer just  from  school  smile  in  derision,  and  in  the  other  case  the  power 
plant,  put  in  at  the  request  of  the  owner,  who  expressed  a  desire  to 
assist  in  the  improvement  of  the  general  state  of  the  art,  would  delight 
the  heart  of  a  professor  of  thermo-dynamics.  The  relative  amounts 
of  coal  per  horse-power-hour  in  the  two  plants  were  about  4  to  1  yet  the 
plant  which  used  6  lb.  of  coal  per  horse-power-hour  caused  competi- 
tors to  consolidate  for  the  purpose  of  reducing  expenses  while  the 
plant  that  used  1^  lb.  of  coal  per  horse-power-hour  fulfilled  the  desire 
of  the  owner,  who  is  still  contributing  to  the  advancement  of  the  art 
and  boasting  of  coal  economy.  It  would  not  surprise  me,  however,  to 
get  an  order  at  any  time  to  put  in  a  steam  plant  and  dump  the  gas 
plant  in  the  scrap  pile. 

64  In  the  West  our  labor  market  is  not  yet  abreast  of  the  best 
steam  engine  practice,  to  say  nothing  of  the  gas  engine,  and  we  can 
only  wait  until  high  cost  of  material  shall  enable  the  labor  market  to 
furnish  the  skilled  labor  necessary  to  operate  the  higher  grades  of 
power  plants. 
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66  With  true  British  perversity,  James  Watt  adopted  33  000  ft.  lb. 
per  minute  as  the  unit  of  power,  and  use  has  fastened  this  ungainly 
number  on  the  profession.  For  thiis  unit  we  have  a  good  running 
mate  in  the  German  fahrenheit  degree.  The  British  thermal  unit  is 
the  amount  of  heat  required  to  raise  the  temperature  of  1  lb.  of  water 
1  deg.  fahr.  This  amount  of  heat  is  equivalent  to  about  778  ft.  lb. 
of  energy,  so  that  for  practical  purposes  we  have  2545  B.  t.u.  as  the 
equivalent  of  our  unit  of  work,  the  horse-power-hour. 

66  A  pound  of  coal,  ranging  from  lignites  to  the  best  steam  coal, 
will  develop  an  amount  of  heat  ranging  from  about  9000  thermal  units 
for  the  lignites  to  15  000  thermal  units  for  the  best  steam  coals.  If 
we  cotdd  utilize  all  the  energy  stored  in  the  coal  we  could  produce  from 
3.54  to  5.89  h.p.hr.  per  pound  of  coal. 

67  With  the  steam  power  plant  as  a  means  of  transforming  the 
potential  heat  energy  of  the  coal  into  power  we  have,  first,  the  losses 
due  to  the  boiler  plant,  which  with  the  most  efficient  plants  will  run 
at  least  20  per  cent  and  from  that  up  to  50  per  cent  and  more.  Under 
every-day  conditions  a  loss  of  40  per  cent  may  be  expected.  The 
next  loss  is  due  to  the  use  of  steam  as  a  working  mediimi.  The 
theoretical  efficiency  possible  is  found  by  dividing  the  range  of  work- 
ing temperature  by  the  absolute  temperature.  With  the  best  steam 
engines  a  thermo-d3mamic  efficiency  of  over  20  per  cent  is  seldom 
obtained,  so  that,  of  the  energy  of  the  coal  used  in  a  steam  power  plant 
we  can  expect  at  the  best  no  more  than  the  equivalent  of  15  per  cent 
of  the  energy  of  the  coal.  The  best  efficiency  to  which  I  can  person- 
ally certify  is  16  per  cent,  and  that  with  Illinois  coal. 

68  In  one  instance  of  good  practice  the  heat  delivered  to  the 
engine  was  accounted  for  as  follows: 

Per  cent 

CJon verted  into  work 19 . 6 

Radiated  from  engine 0.76 

Rejected  to  condenser 74.6 

Lost  in  drains  from  engine 1 .  71 

Returned  to  boiler 3.33 

Total 100.00 

69  Good  average  conditions,  however,  may  be  stated  for  the 
entire  plant  about  as  follows: 
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Per  cept 

Smoke  stack  gases 22 

Radiation  from  boiler,  etc 7 

Radiation  from  engine  and  pipe 4 

Rejected  to  condenser 67 

Converted  into  work 10 

Total 100 

70  Mr.  H.  G.  Stott,  Member  of  The  American  Society  of  Mechani- 
cal Engineers,  estimates  the  average  heat  distribution  in  the  power 
house  as  shown  in  Table  20.  We  may  assume  that  with  a  good  steam 
generating  station  we  convert  but  ten  per  cent  of  the  heat  stored  in  the 
coal  into  electricity,  on  the  bus-bars.  Further  losses  due  to  distribu- 
tion and  conversion,  in  various  ways,  to  light  and  power  occiu*  so 
that  we  get  but  little  of  the  potential  energy  provided  for  our  use  by 
a  wise  and  beneficent  Nature.  Surely,  if  our  ecclesiastical  brethren 
maintain  that  the  storage  of  coal  is  a  manifestation  of  Divine  Provi- 
dence, the  present  inventions  for  utilizing  it  must  have  emanated 
from  his  Satanic  Majesty. 

TABLE  20     AVERAGE  HEAT  DISTRIBUTION  IN  THE  POWER  HOUSE 

Percent  Percent 

Heat  in  the  coal 100 

Loss  in  ashes 2.4 

Loss  in  stack 22.7 

Loss  from  boiler  radiation  and  leakage 8.0 

Returned  by  feed  water  heater 3.1 

Returned  by  economizer 6.8 

Loss  in  pipe  radiation 0.2 

Delivered  to  circulator '. 1.6 

Delivered  to  boiler  feeder 1.4 

Leakage  and  hij^  pressure  drips 1.1 

Heating 0.2 

Loss  in  engine  friction 0.8 

Delivered  to  small  auxiliaries 0.4 

To  house  auxiliaries 0.2 

Radiation  from  engine '0.2 

Rejected  to  condenser 60 . 1 

Electrical  losses 0.3 

Totals 99 . 6      109 . 9 

Delivered  to  bus-bar 10 . 3 

7 1  Another  subject  which  is  now  engaging  a  great  deal  of  the  atten- 
tion of  advanced  engineers  is  the  process  of  converting  coal  into 
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gas  in  an  apparatus  called  a  producer  and  then  burning  the  gas  in  the 
cylinder  of  a  gas  engine.  This  method  gives  a  greater  range  of  work- 
ing temperature  and  consequently  an  outlook  for  greater  efficiency 
of  conversion  of  coal  into  work.  With  the  first  step  of  the  process, 
however,  the  result  will  average  in  practice  about  the  same  as  with 
the  boiler,  that  is,  there  is  a  practicable  efficiency  of  about  70  per 
cent.  In  the  second  step,  that  is,  the  conversion  of  the  simple  pro- 
ducer gas  into  power,  the  outlook  for  realizing  the  full  benefit  of  the 
greater  range  of  working  temperature  seems  to  be  offset  by  the  cool- 
ing necessary  to  maintain  the  working  parts  of  the  engine.  The  cus- 
tomary guarantee  on  gas  engine  performance  is  1  h.p.  on  11  000 
B.t.u.  or  about  23.2  per  cent  efficiency,  so  that  with  simple  producer 
gas  we  have  about  the  same  result  as  with  the  best  steam  engine,  that 
is,  about  15  per  cent  of  the  heat  stored  in  the  combustible  converted 
into  work. 

72  It  is  quite  safe  to  assume  that  with  our  best  methods  we  can 
not  expect  more  than  15  per  cent  of  the  heat  value  of  the  coal  to  be 
converted  into  work  in  the  power  house.     With  an  efficiency  of  dis- 

TABLE  21     LOSSES  IN  THE  CX)NVERSION    INTO  ELECTRICAL  ENERGY  OF  THE 
1»0TENTIAL  HEAT  ENERGY  OF  ONE  POUND  OF  COAL 


SBLKOTBD  BXAMPLM  SHOWING  TBS  AYKRAOB  FOR  OOOD  PBAOTIOI 


With  Steam  Enriched  Gas  from  Coal  of  12  500  B.t.u. 


Percent 


L0B8  In  producer  and  auxUiaries . 
Loss  in  cooling  water  in  jackets . . 

Loss  in  exhaust  gases 

Loss  in  enpne  friction 

Loss  in  generator 


Total  I 

Converted  into  electrical  energy. 


The  Westinghouse  Company  Gas  Engine  Plant 


I     Plant 
Percent 


20.0 

19.0 

30.0 

6.5 

0.5 

76.0 
24.0 


Engine 
Percent 


Heat  in  coal 

Radiation 

Loss  in  ash 

Cooling  gSaes 

Boiler  fuel 

New  heat  to  engine 

Loss  in  jackets 

Exhaust  and  radiation. 

Engine  friction 

Plant  auxiliaries 

Network 


100.00 

10.00 

1.00 

4.00 

10.00 

75.00 

26.25 

27.20 

2.82 

1.50 

17.25 


100.00 

35.00 

86.30 

3.75 

2.00 

23.00 
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TABLE  21— Continued 


Reenlts  at  the  United  States  Geologieal  Survey  Testing  Station 


Per  cent 


I  in  producer  and  auxiliaries 

Losses  due  to  cooling  gas,  and  apparatus . 

Losses  in  exhaust 

Losses  due  to  friction,  etc 

Delivered  to  bus  bar 


20.0 
21.6 
30.2 
6.7 
13.6 


Analy^  of  the  Buckeye  Engine  Co. 


Pereent 


Losses  due  to  producer  and  auxiliaries 

Losses  in  oooling  water 

Losses  in  exhaust 

Losses  in  friction 

Losses  in  dynamo 

Delivered  at  switch  board,  electrical  energy. 


20.0 
22.0 
32.3 

8.e 

1.3 
20.8 


tribution  of  66  to  67  per  cent,  which,  by  the  way,  is  good  practice, 
we  may  get  10  per  cent  of  the  total  energy  of  the  coal  to  the  customer, 
but  if  this  is  applied  with  an  efficiency  of  76  per  cent,  the  customer 
realizes  but  7.5  per  cent  of  the  stored  energy  of  the  coal.  This  is 
good  en^neering  practice  at  present,  and  it  is  safe  to  say  that  but 
few  plants  are  doing  as  well.  We  may  safely  assume  the  general 
average  as  not  running  over  5  per  cent,  or  in  other  words  we  actually 
use  but  5  per  cent  of  the  energy  of  the  coal  and  waste  95  per  cent,  and, 
what  is  more,  the  outlook  for  improvement  in  this  direction  is  not 
encouraging.  In  using  electricity  for  lighting  we  get  less  than  one  per 
cent  of  the  heat  value  of  the  coal  as  useful  light.  Of  all  our  coal 
wastes,  electric  lighting  is  the  greatest. 

73  I  am  fully  aware  of  the  possibilities  claimed  for  the  gas  engine, 
but  my  experience  thus  far,  and  the  practical  results  with  which  I  am 
conversant,  do  not  indicate  an  early  fulfillment  of  the  claims.  From 
present  indications,  the  best  steam  and  the  best  gas  engine  plants 
appear  to  be  about  on  a  par  with  regard  to  cofd  economy.  The 
producer  plant  and  the  boiler  plant  are  practically  equal  so  far  as 
the  first  step  in  converting  the  coal  into  power  is  concerned.  The 
average  gas  engine  is  more  efficient  than  the  average  steam  engine, 
but  the  best  gas  engines  and  the  best  steam  engines  are  about  equally 
efficient. 

74  The  city  of  St.  Louis  replaced  pumping  engines  that  were  in 
first-class  running  order,  with  high-duty  pumping  engines  that  reduced 
the  coal  bills  about  75  per  cent,  but  this  was  not  done  to  conserve 
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the  Illinois  coal  fields  for  the  next  generation.  It  was  good  engi- 
neering under  the  load  conditions  of  a  large  pumping  station  but  in 
many  power  plants  the  installation  of  the  triple  or  quadruple  expan- 
sion engine,  while  saving  coal,  would  increase  the  cost  of  the  output. 
I  mention  this  case  in  order  to  impress  on  the  rising  generation  of 
engineers  that  interest  on  first  cost  must  be  given  due  weight  in 
designing  plants  in  order  to  insure  success. 


TABLE  22    EXTENT  OF  THE  COAL  FIELDS  OF  THE  UNITED  STATES  ESTIMATED 
BY  THE  UNITED  STATES  GEOLOGICAL  SURVEY 


SUtM 


Square 
miles 


States 


miles 


Montaoa 

Texas 

IlUnois 

North  DakoU 

Missouri 

Iowa 

Kansas 

Wyominf 

WsstVifgiiiU 

Kentucky. « i. 

Indian  Territory 

PennsylTania 

New.Mexico 

Ohio... 

Colorado. 

Michigan 


47.200 
41300 
36.600 
35.500 
23.000 
20.000 
20.000 
19.000 
17.000 
16,670 
14.850 
14.680 
13.500 
12.660 
11.600 
11.300 


Alabama 

Indiana 

Utah 

Tennessee 

South  DakoU. . 

Virginia 

Arkansas 

Washington.... 
North  Carolina. 

Maryland 

California 

Oregon 

Georgia 

Idaho 


Total  square  miles. 


8.430 

7.200 

4.580 

4.400 

2.400 

2.120 

1.730 

1.100 

800 

510 

280 

230 

170 

140 


388,040 


TABLE  23    COAL  OUTPUT  FOR  THE  UNITED  STATES  FOR  1005 


SUtes 


Texas 

Utah 

Michigan 

Montana 

New  Mexico 

Arkansas 

Washington 

Indian  Territory, 

Missouri 

Virginia 

Maryland 

Wyoming 


Short  tons 


1.200, 
1.332, 
1.473, 
1.643, 
1.649, 
1.934, 
2.864, 
2,924 
3,983, 
4,276, 
5.108, 
5.602, 


684 
,372 
,211 
,832 
,933 
,673 
,926 
.427 
,378 
,271 
,639 
,021 


SUtes 


Tenn( 

Kansas 

Iowa 

Kentucky. . . . 

Colorado 

Alabama 

Indiana 

Ohio 

Woit  Virginia 

Illinois 

Pennsylvania. 


Short  tons 


5, 

6, 

6, 

8, 

8, 

11 

11 

25 

37, 

38 

196, 


.963,396 
,423.979 
.798,609 
,432.523 
,826.429 
,866.069 
,895.252 
552.960 
.781.580 
,434363 
,073.487 
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TABLE  24    COAL  OUTPUT  OF  VARIOUS  COUNTRIES  FOR  lfi05 


Countries 


Short  tons 


Millions  of  tons. 
Estimated  sup- 
ply. Summers- 
baob.    1904 


New  Zealand 

S.  A.  Republics. . . 

Spain 

New  South  Wales, 

India 

Canada 

Japan 

Russia 

Belgium 

France 

Austria-Hungaiy . 

Germany 

Great  Britain 

United  SUtes.... 


1.722^79 

2.968.117 

3.530.669 

6.742.186 

9,202.711 

8.776.933 

11.120.934 

21.294.639 

24.078.862 

37.663.349 

46.209.933 

191,676.074 

264.464.408 

892.919.341 


40.000 

20,000 

19,000 

17,000 

416.000 

193.000 

681.000 


TABLE  26    CONSUMPTION  OF  COAL  IN  THE  UNITED  STATES 


Year  of  census 

Population 

Decade 

Coal  Consumed 

Pounds  per  cap- 
ita per  year 

1820 

9.638.463 

1816   to    1826 

331.366 

6.9 

1830 

12366.020 

1826    to    1836 

4.168,149 

64.8 

1840 

17.069.463 

1836   to    1846 

23.177.637 

271.6 

1860 

23.069.463 

1846   to    1866 

83,417.826 

723.2 

1860 

31.443,321 

1866   to    1866 

173,796.014 

1106.6 

1870 

38.668371 

1866   to    1876 

419.426,104 

2176.6 

1880 

60,166,783 

1876    to    1886 

847.760.319 

3380.6 

1890 

62,622.260 

1886    to    1896 

1,686.098.641 

6066.8 

1900 

76,668.686 

1896   to    1906 

2.832.699.462 

7496.8 

75  It  will  be  noticed  that  the  curve  of  the  per  capita  rate  takes 
on  a  very  rapid  rate  of  increase  at  1860.  The  rate  from  1870  to  1900 
is  approximately  represented  by  the  following  formula: 

Log  C  =  3.466  Gog  T  -  0.882) 

in  which  T  represents  the  time  elapsed  in  years  from  1800,  and  C 
represents  the  pounds  of  coal  consumed  per  capita  per  year.  The 
several  values  resulting  from  this  formula  are  shown  in  Table  26. 

76  Combining  this  formula  with  that  previously  ©ven  for  the 
rate  of  increase  of  population,  we  obtain  the  following: 

Log  of  annual  consumption  "I  ^  ^  ^gg        ^  _  ^ ^^^ 
coal  m  milhons  of  tons  j 
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77  Now  if  the  rate  at  present  indicated  continues,  we  may  esti* 
mate  our  annual  consumption  of  coal  roughly,  as  in  Table  27.  This 
total  consumption  of  614  900  millions  of  tons  of  coal  would  about 
exhaust  the  total  supply  of  the  country,  at  the  present  rate,  in  the  next 
100  years.  It  is  not  probable,  however,  that  this  rate  will  continue,  but 
that  the  curve  will  reach  a  maximum  and  then  slowly  recede,  becom- 


TABLE  26    CONSUMPTION  OF  COAL  PER  CAPITA  IN  THE  UNFTED  STATES  WITH 

ESTIMATE  TO  1050 


Per  capita  coniumption  of 

Per  capiU  rate  from  centua 

Year 

ooal  persrear 

reports 

Pounds 

Pounds 

1870 

2176 

2176 

1880 

8467 

3881 

1800 

6104 

6066 

1000 

7400 

7407 

1010 

10,400 

1020 

14,000 

1030 

18,630 

1040 

24,040 

1060 

30,660 

TABLE  27    ESTIMATED  ANNUAL  CONSUMPTION  OF  COAL  IN  THE  UN  ITED  STATES 


Year 

Rate  milUons  of  tons  per  year 

Total  millions  of  tons  con- 
sumed during  the  decade 

1000 

460 

4.600 

1010 

760 

7.600     . 

1020 

1.100 

11.000 

1080 

1.700 

17,000 

1040 

2.620 

26.200 

1060 

3.430 

84300 

1060 

6.220 

62.200 

1070 

7.460 

74.600 

1080 

0.240 

02.400 

1000 

12.760 

127.600 

2000 

16.680 

166.800 

Total 

614.000 

ing  asymptotic  to  the  time  axis,  when  the  coal  is  all  consumed  or  a 
substitute  is  found,  or  something  else  happens.  Prognostications 
based  on  the  assumption  that  the  population  and  the  coal  consump- 
tion curves  will  continue  along  the  paths  of  the  past  40  years  must  be 
introduced  with  a  big  If,  and  the  if  must  be  given  due  weight.'^The 
study  of  mathematics  and  the  science  of  numbers  develops  a  keen 


Digitized  by  VjOOQIC 


THE   C0N8EBVATI0N  IDEA   AS   APPUED  TO  THE    A.   8*   M.    E.    615 

sense  of  humor,  unappreciated  by  the  laity.  The  law  of  past  increase 
may  hold  good  for  a  short  time,  but  it  is  quite  certain  that  it  can- 
not continue  indefinitely.  New  conditions  will  obtain  and  new 
methods  and  materials  will  be  introduced;  alcohol  manufactured  from 
waste  vegetable  matter  is  one  possible  alternative.  When  our 
successors  can  no  longer  afford  electric  light  and  traction  they  will 
have  to  get  along  without  it. 

MINERAL  RESOURCES 

78  Of  our  mineral  resources,  iron  stands  at  the  head  as  the  dis- 
tinct feature  in  our  past  development  along  mechanical  lines,  not- 
withstanding that  electricity  is  trying  to  relegate  us  to  the  "  copper 
age."  An  unlimited  supply  of  metal  is  not  needed.  We  require 
simply  sufficient  metal  for  a  working  capital  and  to  keep  the  stock  good 
by  8uppl3dng  for  wear  and  tear.  At  the  present  time  an  immense 
amount  of  iron  is  l3dng  in  the  wrecks  and  scrap  iron  piles  all  over  the 
country  because  it  does  not  pay  to  work  it  over. 

79  The  latest  estimates,  based  on  visible  supply  and  rate  of  con- 
sumption, indicate  an  exhaustion  of  the  supply  in  about  200  years. 
We  waste  iron  and  steel  because  it  is  cheap,  but  as  time  goes 
on  the  waste  will  diminish  and  the  use  be  curtailed  as  the  law  of  supply 
and  demand  shall  dictate.  The  most  reliable  estimate  that  I  have 
been  able  to  find,  places  the  world's  production  of  pig  iron  for  1907 
at  about  61  000  000  tons,  of  which  the  United  States  furnishes 
about  26  000  000.  In  1872  the  output  of  the  United  States  was 
about  2  000  000  tons.  These  amoimts  give  us  a  per  capita  rate  of 
about  0.05  tons  in  1872  and  0.30  tons  in  1907.  As  to  the  gradually 
increasing  price  of  iron,  we  quote  Mr.  Frank  A.  Munsey  to  the  effect 
that  the  Steel  Corporation  contracted  with  the  Great  Northern  Rail- 
road (James  J.  Hill)  to  take  ore  from  the  Great  Northern,  "the  price 
to  be  advanced  each  year  over  the  preceding  year,  3.4  cents.  The 
price  for  1897  was  $0.85  per  ton." 

80  The  conservation  of  iron  must  be  by  reducing  waste  to  a 
minimum.  As  the  supply  of  iron  decreases  the  price  will  increase 
and  the  scrap  iron  merchant  will  become  an  important  factor. 
The  mathematical  limit  appears  to  point  to  the  control  of  the  old 
iron  market  as  the  ultimate  function  of  the  Steel  Trust  of  the  future. 

81  Of  the  conservation  of  oil  and  natural  gas  we  have  neither 
time  nor  inclination  to  discuss  the  profligate  waste  in  this  country, 
particularly  in  the  South- West  where  wells  have  been  bored  only  to 
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waste  the  raw  petroleum  products  and  the  money  expended  in  drill- 
ing. All  are  familiar  with  the  natural  gas  history  of  Pittsburg,  but 
the  waste  in  that  case  is  not  to  be  compared  with  that  of  the  great 
South- West.  The  operation  of  natural  laws  in  the  case  of  these 
resources  has  rendered  conservation  unnecessary  in  many  localities. 
The  only  thing  that  can  stop  this  brand  of  insanity  is  a  strict  applica- 
tion to  this  class  of  natural  resources  of  the  doctrine  of  appropriation 
and  beneficial  use.  The  entire  community  has  an  interest  in  natural 
resources  and  should  not  permit  waste.  This  doctrine  is  not  the  idle 
dream  of  the  socialist  but  is  the  result  of  years  of  experience  and  is 
probably  the  oldest  fundamental  law  on  the  statute  books  of  the 
world. 

Conclusion 

82  Individually  the  members  of  the  Society  will  find  it  necessary 
in  the  practice  of  the  profession  to  design,  build  and  operate  works  so 
as  to  compete  with  others  in  the  same  line.  The  crucial  test  will 
always  be  found  in  the  cost  per  unit  of  output,  and  the  real  work  of 
the  engineer,  in  the  field  of  conservation,  will  be  measured  by  the  ability 
of  the  works  designed  by  him  to  compete  in  the  markets  of  the  world. 
As  times  and  conditions  change  the  engineer  must  modify  his  plans 
and  processes  or  meet  with  failure.  The  United  States  at  present  is 
a  country  of  cheap  materials  and  high-priced  labor  and  the  result  is 
that  it  pays  to  waste  material  to  save  labor.  In  countries  where  the 
reverse  is  found,  that  is,  cheap  labor  and  high-priced  materials,  it 
pays  to  waste  labor  to  save  materials.  This  fact  is  brought  home  only 
to  the  engineer  who  has  had  the  opportunity  to  design  work  under 
foreign  conditions. 

83  With  our  present  high  cost  of  labor  we  must  take  all  possible 
precautions  to  keep  the  price  of  materials  low.  With  high-priced 
materials  and  high-priced  labor  we  will  be  shut  out  of  the  world's 
markets.  In  fact,  as  it  now  stands,  other  countries  are  under-selling 
our  mills  in  our  own  country,  by  virtue  of  low-priced  skilled  labor. 
The  true  exponent  of  the  conservation  movement  should  be  the  skilled 
labor  of  the  United  States. 

84  The  engineer  is  also  interested,  as  one  of  the  producing  class, 
in  the  conservation  of  the  materials  of  the  country  and  likewise  in  the 
conservation  of  the  results  of  his  own  labor.  The  engineering 
societies  must  fall  in  with  the  conservation  idea  and  see  to  it  that  the 
returns  from  the  societies  are  commensurate  with  the  effort  expended 
in  operating  them.     Our  societies  must  change  with  the  times  and 
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adopt  new  methods  as  the  occasion  requires.  The  American  Society 
of  Mechanical  Engineers  has  been  alive  to  this  fact,  as  the  Journals  of 
the  year  will  show.  The  credit  of  the  work  belongs  to  the  Secretary  of 
the  Society,  Mr.  Calvin  W.  Rice,  and  his  eflScient  corps  of  assistants. 

86  In  closing  I  take  the  liberty  of  suggesting  that  the  Society 
take  one  more  step  along  the  road  leading  to  the  conservation  of 
the  personal  funds  of  its  members  and  at  the  same  time  extending 
its  own  influence  and  adding  to  its  own  exchequer.  This  step  is  the 
production  of  an  enpneer's  notebook  that  will  give  the  practicing 
mechanical  engineer  the  fundamental  constants  needed  for  daily 
use  and  enable  him  to  throw  several  yards  of  so-called  note  books  from 
his  library.  Such  a  book,  published  by  the  Society  for  the  use  of  its 
members,  would  be  an  incentive  to  engineers  to  join  the  Society  and 
save  the  young  members  of  the  profession  enough  money  to  pay  for 
life  memberships. 

86  I  venture  to  suggest  that  most  of  the  older  members  have 
paid  out  more  money  for  note  books  than  for  dues  to  the  Society  and 
I  most  earnestly  recommend  that  The  American  Society  of  Mechani- 
cal Engineers  make  an  effort  to  conserve  both  the  time  and  the  funds 
of  future  members  by  issuing  a  note  book  which  shall  gradually 
become  the  standard  mechanical  note  book,  which  will  be  a  fund  of 
information  for  new  members,  and  which  will  make  the  Society 
known  wherever  engineering  is  practiced. 
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THE  ENGINEER  AND  THE  PEOPLE 

A  PLAN  FOR  A  LARGER  MEASURE  OF  COOPERATION  BETWEEN 
THE  SOCIETY  AND  THE  GENERAL  PUBUC 

Bt  Morris  Llewellyn  Cooke,  PHiLADBLPBLk,  Pa. 
Junior  Member  of  the  Society 

In  the  work  of  the  en^neer  there  are  three  parties  interested,  i.e., 
the  en^neer,  his  employer  and  the  public.  While  always  recognizing 
the  claim  of  this  third  party,  engineers  as  a  class  have  done  little, 
directly,  to  satisfy  it.  The  chief  service  rendered  the  public  by  the 
enpneering  profession  has  been  one  rendered  indirectly  by  serving 
well  the  second  party  interested — ^the  employer.  It  would  appear 
that  the  time  is  near  at  hand  when  in  matters  in  which  they  are  spe- 
cially qualified  engineers  must,  individually  and  collectively,  labor  for 
the  public  interest  with  just  as  much  fidelity  and  ^al  as  they  work 
for  their  employer,  and  this  not  as  public  spirited  citizens  but  rather 
as  members  of  a  public  spirited  profession. 

2  If  the  standing  of  the  en^neering  profession  is  to  grow  in  the 
public  esteem,  it  will  be  because  of  the  effort  of  the  profession  to 
familiarize  the  public  with  its  aims  and  ideals.  If  our  own  Society, 
representing  the  mechanical  side  of  engineering  practice,  is  to  develop 
fully  the  possibilities  of  its  field,  it  will  be  by  utilizing  every  method  of 
making  its  work  of  direct  value  to  the  people.  Primarily  this  paper 
seeks  to  give  some  of  the  present  day  conditions  which  seem  to  demand 
a  broadening  of  the  lines  of  professional  activity.  A  second  object 
is  to  make  a  specific  recommendation  which,  if  adopted,  it  is  believed 
will  lead  along  a  safe  path  to  a  stronger  position  for  the  mechanical 
engineer,  considered  as  a  member  of  the  commimity.  In  this  new 
position  the  mechanical  engineer  will  have  placed  at  his  command 
powerful  forces  at  present  denied  to  him  and  yet  absolutely  necessary 
for  the  full  accomplishment  of  his  professional  mission. 

Presented  at  the  New  York  Meeting  (December  1908)  of  The  American 
Society  of  Mechanical  Engineers. 
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THE  ENGINEER  AS  A  CONSERVATOR 

3  There  will  probably  be  little  protest  against  the  conception  of 
the  engineer  as  the  special  conservator  of  the  public  interest  in  matters 
involving  engineering.  This  view  is  certainly  held  by  a  majority 
of  the  leaders  of  the  profession.  The  roll  of  our  Society  has  always 
carried  the  names  of  scores  of  useful  citizens  who  demonstrate  in  their 
lives  their  devotion  to  the  public  welfare.  In  the  history  of  the 
Society  many  instances  may  be  found  where  it  has  departed  from 
the  professional  groove  to  co5perate  in  some  broad  way  with  a  section 
of  the  general  pubUc.  Our  Society,  through  the  activity  of  its  distin- 
guished President  and  Secretary,  only  interpreted  the  best  thought  of 
the  membership  in  its  recent  valuable  service  to  the  National  Govern- 
ment in  connection  with  the  work  of  the  Conservation  Congress  and 
later  with  that  of  the  Conservation  Commission. 

4  Granting  this  much,  no  one  who  gives  the  matter  thought 
will  be  likely  to  contest  the  assertion  that  in  the  manifold  activities 
of  the  Society  and  of  the  profession,  the  general  public  as  such  has 
been  almost  ignored.  Among  the  announced  committees  of  the 
Society  not  one  has  a  title  indicating  a  function  broader  than  the 
conservation  of  the  interests  of  engineering  and  of  the  en^neering 
profession.  Among  the  thousand  and  more  papers  listed  in  the  last 
published  index  to  Transactions,  it  is  difficult  to  find  a  single  title 
which  indicates  that  the  author  was  addressing  any  one  beyond  his 
professional  audience.  Inquiry  among  the  lay  public  will  show  that 
while  our  Society  is  given  full  credit  for  its  professional  strength, 
absolutely  no  credit  is  given  to  it  for  interest  in  pubUc  matters.  This 
is  the  pubUc's  estimate  of  technical  organizations  as  a  class. 

THE  OBJECT  OF  THE  SOCIETY 

5  The  distinguished  authors  of  the  constitutioii  of  the  Society 
stated  its  object  in  a  way  to  permit  of  an  almost  indefinite  expansion 
of  function:  "  The  object  of  the  Society  is  to  promote  the  arts  and  sci- 
ences connected  with  engineering  and  mechanical  construction."  That 
the  constitution,  however,  imposes  no  duties  on  the  membership  ex- 
cept those  of  a  purely  professional  interest,  witness  as  follows:  "  The 
principal  means  for  this  purpose  shall  be  the  holding  of  meetings  for 
the  reading  and  discussion  of  professional  papers  and  for  social  inter- 
course; the  publication  and  distribution  of  its  papers  and  discussions; 
and  the  maintenance  of  an  engineering  Ubrary."    The  library  may 
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be  made  in  the  future  to  minister  to  the  requirements  of  the  layman 
interested  in  technical  matters;  but  up  to  this  time  its  direct  influence 
on  the  great  interests  of  the  people  has  been  almost  negligible. 

6  It  can  be  granted  for  the  sake  of  progress  that  the  ideals  of  the 
engineering  profession  in  this  matter  are  sound.  If  it  has  been  demon- 
strated that  our  practice  does  not  square  with  these  ideals,  there 
appears  to  be  good  reason  for  taking  action  of  some  kind.  It  occurs 
to  the  writer  that  a  radical,  and  in  every  way  salutary,  change  can 
be  brought  about  in  the  Society's  relations  with  the  general  public 
by  the  appointment  of  a  committee  to  be  known  as  the  "Committee 
on  Relations  with  the  Public."  During  the  period  required  for 
amending  the  constitution  to  provide  for  such  a  Standing  Commit<- 
tee,  its  work  might  be  begun  by  a  special  committee  appointed  hy 
action  of  the  Council. 

7  The  work  of  a  Committee  on  Relations  with  the  Public  would  of 
course  have  to  be  done  within  carefully  thought  out  and  definitely 
prescribed  limits.  Even  so,  the  work  could  be  made  very  broad. 
The  Committee  would  doubtless  seek  to  establish  such  relations  with 
the  lay  press  as  would  make  its  advice  and  help  sought  when  engineer- 
ing matters  are  up  for  public  discussion.  It  would  also  doubtless  seek 
to  give  publicity  to  the  fact  that  our  Society  stands  ready  to  offer 
disinterested  advice  through  its  Council  to  government  officials- 
municipal,  state  and  national.  In  most  cases,  of  course,  this  assist- 
ance would  be  not  so  much  to  answer  engineering  questions  as  to 
counsel  with  government  officials  as  to  the  proper  procedure  to  obtain 
answers.  Such  a  relation  now  exists,  for  instance,  between  the  fed-' 
eral  Congress  and  the  National  Academy  of  Sciences.  Under  the 
Academy's  charter  the  Congress  has  a  right  to  call  on  it  for  help; 
and  such  assistance  is  at  times  requested.  Such  cooperation  between 
governmental  agencies  and  organizations  belonging  to  the  architec- 
tural profession  is  not  at  all  uncommon,  especially  in  foreign  countries* 

POPULAB  LECTURES  ON  ENGINEERING 

8  A  Committee  on  Relations  with  the  Public  might  also  provide 
for  courses  of  lectures  for  the  general  public,  to  be  given  under  the 
direct  supervision  of  the  committee  in  the  Engineering  Societies  Build- 
ing in  New  York,  or  iinder  the  auspices  of  local  engineering  societies 
at  other  places.  This  committee  might  arrange  with  the  Meetings 
Committee  for  at  least  one  lecture  on  an  engineering  topic  of  general 
public  interest  at  each  Spring  and  Winter  meeting,  which  the  gen- 
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oral  public  would  be  not  only  invited  but  urged  to  attend.  Another 
important  part  of  the  work  of  such  a  [committee  would  be  to 
arrange  that  a  fair  proportion  of  the  professional  papers  presented  at 
the  various  meetings  of  the  Society  should  be  of  direct  use  and  value 
to  the  public  as  well  as  to  the  mechanical  en^eer.  The  cumulative 
effect  of  these  and  of  such  other  lines  of  work  as  would  soon  suggest 
themselves  would  be  very  marked.  It  is  believed  that  through  the 
work  instituted  by  such  a  committee  the  mechanical  engineer  and 
the  general  public  could  be  brought  in  a  few  years  to  a  much  better 
understanding. 

9  Some  members  of  the  Society — especially  among  those  engaged 
in  the  more  abstruse  branches  of  engineering — never  having  given 
much  thought  to  this  matter  will  doubt  whether  any  part  of  the  work 
of  the  mechanical  engineer  can  be  made  of  direct  interest  to  the  public. 
Of  course,  should  the  Society  make  cooperation  with  the  public  a 
definite  part  of  its  work,  it  is  reasonable  to  suppose  that  lines  of  activ- 
ity would  be  opened  up  which  cannot  now  be  foreseen.  There  is 
enough  work  in  sight;  however,  to  engage  our  attention  for  some  time 
to  come. 

10  To  illustrate:  At  the  annual  meeting  in  December  1905,  our 
distinguished  Past-President  and  present  Honorary  Councillor,  John 
R.  Freeman,  delivered  his  presidential  address  "  On  the  Safeguarding 
of  life  in  Theatres — A  Study  from  the  Standpoint  of  an  Engineer." 
While  the  work,  of  which  this  address  was  a  report,  grew  out  of  the 
Iroquois  Theatre  fire,  it  included  a  comprehensive  study  of  all  the 
great  theatre  fires  during  the  past  100  years.  The  work  was  under- 
taken at  the  instance  of  a  prominent  manufacturer,  two  of  whose 
nieces  were  among  the  nearly  600  victims  of  the  Iroquois  Theatre 
fire.  This  pubUc  spirited  man  wanted  the  investigation  made 
"  not  for  the  purpose  of  fixing  the  blame  but  to  help  us  find  out  how 
such  fearful  disasters  can  be  prevented."  Mr.  Freeman's  investiga- 
tions covered  every  phase  of  the  question,  and  in  his  report  he  made 
certain  specific  recommendations  as  to  theatre  construction  and  the 
prevention  of  fires  in  buildings  of  this  class,  such  as  would  appear  to 
reduce  the  Uability  to  loss  of  life  to  a  minimum.  The  recommenda- 
tions were  so  logical  and  relatively  so  simple  that  if  they  could  have 
been  made  of  general  public  knowledge,  theatre  owners  and  pro- 
prietors must  almost  inevitably  have  been  forced  by  public  opinion  to 
their  observance  even  if  not  impelled  thereto  of  their  own  accord. 
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NECESSITY  FOR  MOLDING   PUBUC  OPINION 

11  Because  this  address  had  a  professional  interest  for  but  a  very 
small  number  of  mechanical  engineers  it  naturally  received  compara- 
tively little  notice  in  the  technical  press.  Practically  no  notice  was 
taken  of  it  in  the  strictly  lay  press.  Without  a  certain  amoimt  of 
publicity  given  to  the  results,  an  investigation  of  this  kind  might  as 
well  not  have  been  imdertaken.  Mr.  Freeman  therefore  had  printed 
at  private  expense  a  few  hundred  copies  of  the  paper  and  sent  them 
to  privately  obtained  lists  of  architects,  building  inspectors,  fire 
marshals,  theatre  owners  and  proprietors,  actors  and  actresses,  editors 
of  newspapers,  mayors  of  cities,  etc. 

12  In  the  writer's  opinion  this  kind  of  work  should  be  done  by 
the  Society  and  can  be  better  done  by  it.  The  Society  should  be  so 
organized  that  matters  of  public  interest  may  not  only  be  investigated 
and  reported,  but  that  the  reports  may  be  given  the  requisite  amoimt 
of  publicity  of  the  proper  kind.  Mr.  IVeeman's  paper  was  filled 
with  matter  that  almost  any  magazine  or  newspaper  would  have 
been  glad  to  publish  had  it  been  properly  shaped  up  for  them  when 
it  was  still  "  news."  Abstracts  of  varying  length  might  have  been 
prepared  by  the  editorial  staff  and  published  without  cost  in  the  lay 
press.  This  would  have  relieved  the  author  of  much  work  entirely 
outside  his  line,  and  not  only  have  secured  for  the  report  a  fuller 
measure  of  usefulness,  but  would  have  demonstrated  to  the  public 
the  breadth  of  our  interests  and  work. 

*  13  From  its  inception  our  Society  has  taken  an  advanced  position 
in  this  matter  of  publicity.  '  We  are  prohibited  by  our  constitution 
from  copyrighting^papers  read  at  our  meetings,  in  order  to  facilitate 
their  being  reprinted  in  other  publications.  The  constitution  further 
says  on  this  subject:  "  The  policy  shall  be  to  give  the  professional  and 
scientific  papers  read  before  it  the  widest  circulation  possible  with 
the  view  of  making  the  work  of  the  Society  known,  encouraging  engi- 
neering progress  and  extending  the  professional  reputation  of  its 
members."  The  Society  may  some  day  change  the  rule  which  pre- 
vents the  republication  even  of  abstracts  of  papers  before  they  are 
actually  presented  at  meetings.  It  would  seem  policy  for  us  to  in- 
terest the  public  in  as  much  of  our  work  as  can  be  made  intelligible 
to  the  public. 

THE  MOMENTOUS   CONSERVATION   PROBLEM 

14  The  matter  of  the  conservation  of  our  national  resources  will 
afford  probably  for  years  a  practically  limit^les?  field  for  investigation . 
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and  earnest  discussion.  The  questions  involved  are  so  momentous 
as  to  warrant  the  engineer  in  seeking  ways  of  co6perating  with  the 
National  and  State  governments  for  their  solution.  No  better  way 
could  be  found  for  our  Society  to  assist  in  this  work  than  to 
provide  in  its  meetings  and  publications  a  forum  for  the  discussion  of 
those  phases  of  the  general  problem  in  which  the  mechanical  engineer 
is  specially  qualified  to  speak.  Many  of  these  questions  must  be 
made  clear  to  the  layman  because  legislation  will  be  required  for  their 
proper  solution. 

15  This  further  step  in  the  line  of  codperative  engineering  eflfort 
may  seem  to  some  of  our  members  to  be  a  radical  one.  But  it  appears 
to  be  only  the  logical  sequence  of  those  which  have  gone  before.  The 
records  of  engineering  in  the  early  days  of  the  last  century  show  that 
engineers  had  not  then  learned  how  to  co5perate  with  each  other.  Up 
to  a  comparatively  recent  date  the  professional  knowledge  of  an  engi- 
neer was  his  own  property  and  he  felt  that  in  imparting  any  of  this 
knowledge  to  another  engineer  he  was  doing  himself  an  injury. 
Discussions  between  engineers  were  carried  on  mainly  with  the  object 
of  doing  each  other  harm  rather  than  good.  The  large  number  of 
engineering  societies;  with  the  fundamental  object  of  the  free  exchange 
of  engineering  data  between  their  members,  show  how  thoroughly 
engineers  have  learned  that  the  general  policy  of  giving  freely  of  their 
knowledge  to  their  fellow  practitioners  increases  rather  than  dimin- 
ishes their  effectiveness  and,  in  proportion,  their  earning  power.  In 
proposing  the  appointment  of  this  new  standing  committee,  the 
writer  suggests  only  the  extension  of  this  cooperation  to  include 
the  public.  There  is  good  reason  to  believe  that  engineers  have  as 
much  to  gain  from  codperation  with  the  public  as  they  have  un- 
doubtedly gained  from  codperation  with  each  other. 

A  SECTION   ON   P.UBUC  MATT^JRS 

16  If  the  Society  once  expresses  a  desire  to  receive  papers  of 
interest  alike  to  the  engineer  and  the  layman,  the  time  will  probably 
soon  arrive  when  the  increasing  number  of  such  papers  will  suggest 
the  necessity  for  a  Section  on  Public  Matters.  Such  a  section  would 
be  conducted  like  any  other  section  of  the  Society  and  would  promote 
and  receive  papers  on  subjects  of  special  interest  to  the  layman. 
These  papers  and  the  discussion  on  them  would  naturally  have  to  be 
htodled  in  a  way  to  make  them  not  only  intelli^ble  but  of  practical 
viJue  to  the  layman.    This  work  would  naturally  give  rise  from  time 
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to  time  to  broad  practical  summaries  covering  the  essentials  of  good 
practice  in  fields  where  the  general  public  is  directly  interested.' 
These  publications  might  easily  become  of  the  greatest  value  to  legis- 
lators, national,  state  and  municipal,  on  matters  now  generally  settled 
without  much  professional  advice  or  technical  knowledge.  Such  a 
section  would  draw  to  its  membership  those  members  of  the  Society 
public  spirited  enough  to  be  willing  to  devote  some  time  to  the  investi- 
gation and  discussion  of  technical  matters  in  their  application  to  the 
public  interest.  It  would  also  probably  attract  as  aflBliates  many  of 
that  rapidly  increasing  body  of  laymen  who  are  giving  freely  of  their 
time  and  money  for  the  development  of  the  best  in  the  life  of  the  whole 
people.  The  work  of  this  section  should  be  given  a  world-wide  scope 
and  interest. 

THE   AWAKENING  IN  THE  MEDICAL  PROFESSION 

17  In  considering  the  advisability  of  adopting  the  recommenda- 
tion it  is  possible  and  beneficial  to  study  the  evolution  of  the 
same  idea  in  the  medical  profession.  Not  so  many  years  ago  it 
would  have  been  considered  in  many  localities  the  height  of  unpro- 
fessional conduct  for  a  physician  to  address  any  public  gathering 
on  a  question  relating  to  the  public  health.  This  viewpoint  has 
gradually  changed  until  it  is  almost  impossible  to  pick  up  a  news- 
paper without  finding  some  evidence  of  the  world-wide  propaganda 
which  the  medical  profession  is  carrying  on  for  the  education  of  the 
general  public.  The  movement  toward  this  change  in  viewpoint 
was  materially  assisted  and  quickened  by  the  tuberculosis  cam- 
paign. As  soon  as  the  medical  profession  discovered  that  this  dis- 
ease could  probably  be  exterminated  by  simple  scientific  precautions 
it  realized  that  its  obvious  duty  was  to  explain  this  to  the  public. 
Under  the  old  standards  of  professional  etiquette  this  was  impossible. 
So  the  old  standards  were  changed. 

18  In  this  movement  it  would  be  easy  to  underestimate  the  influ- 
ence of  the  general  public.  It  will  be  remembered  that  many  of  the 
first  steps  taken  in  the  fight  against  the  "white  plague"  were  taken 
by  laymen  and  by  organizations  made  up  largely  of  laymen.  It  was 
in  a  measure  this  activity  of  the  laymen  which  forced  the  medical 
profession — ^the  natural  leaders  in  such  a  movement — ^to  assume  the 
lead. 

19  Under  the  new  code  of  ethics  it  is  just  as  easy  for  a  medical 
practitioner  to  discuss  publicly  the  medical  inspection  of  school  chil- 
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dren,  or  the  care  of  the  insane,  as  to  promote  the  crusade  against  con- 
Sumption.  For  three  or  four  years  past  the  American  Medical  Associa- 
tion has  had  in  the  field  a  physician  who  travels  over  the  country  for 
the  double  purpose  of  talking  to  physicians  on  matters  relating  to 
the  improvement  of  conditions  in  the  medical  profession  and  of  lec- 
turing to  the  public  on  questions  of  vital  importance  from  a  sanitary 
point  of  view.  These  lectures  are  well  attended  and  are  accom- 
plishing much  good.  Last  year  the  association  created  a  Board 
of  Public  Instruction  on  Medical  Subjects.  While  this  Board  has 
done  much  work  it  has  really  only  formulated  a  preliminary  scheme 
of  operation.  State  and  coimty  organizations  are  encouraged  to  pro- 
vide lectures,  to  enlist  the  interest  of  the  newspaper  press,  and  to  watch 
and  influence  legislation,  wherever  it  contributes  to  the  welfare  of 
the  public. 

THE  MEDICAL  AND  CHIRURGICAL  FACULTY,  POUNDED  1799 

19  The  result  of  this  invitation  to  the  local  societies  can  be  studied 
in  the  activities  of  almost  any  medical  association.  For  instance,  the 
Medical  and  Chirurgical  Faculty,  the  representative  medical  associa- 
tion of  the  State  of  Maryland,  an  organization  which  dates  its  exist- 
ence from  ;1799  and  one  of  the  most  conservative  bodies  of  scientific 
men  to  be  foimd  in  the  country,  has  now  many  committees  solely 
engaged  on  matters  of  public  concern.  It  maintains  public  lecture 
courses.  It  provides  the  newspaper  press  on  request  with  signed  and 
unsigned  articles  on  any  subject  related  to  the  public  health.  It 
has  recently  organized  a  state-wide  campaign  for  bringing  to  the 
attention  of  the  people  and  the  legislature  the  necessity  for  a  more 
liberal  policy  in  the  care  of  the  insane. 

20  As. may  be  imagined,  the  change  in  professional  attitude  re- 
flected by  this  widespread  activity  on  behalf  of  the  public  was  not 
brought  about  in  a  day  or  without  powerful  opposition.  Indeed  the 
writer  is  informed  that  some  high  minded  practitioners  of  advanced 
years  still  feel  that  a  mistaken  policy  is  being  followed.  But  the  work 
of  practically  every  medical  association — national,  state,  county  and 
city — vindicates  that  the  old  conception  of  the  duty  of  the  profession  to 
the  public  has  been  permanently  abandoned.  The  president  of  the 
American  Medical  Association,  Herbert  L.  Burrell,  M.D.,  in  his 
annual  address  of  this  year,  devoted  the  major  part  to  this  subject, 
saying  in  conclusion:  "A  great  duty  rests  on  the  practitioner  of 
medicine  today.    He  must  not  shirk  it;  he  must  ris^  to  his  new  burden, 
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accept  it  and  bear  it.  Tbexeward  to  the  medical  profession  for  taking 
this  new  burden  of  judicious  publicity  in  medicine  will  be  a  broader 
life  for  the  practitioner^  a  greater  consideration  for  his  fellow  man, 
better  citizenship  and  the  recognition  by  the  world  that  the  medical 
profession  is  a  great  public  benefactor." 

ASSISTANCE    NEEDED    IN   EXPERIMENTAL    WOBK 

21  As  the  range  of  human  knowledge  widens,  the  expense  involved 
in  carrying  on  the  investigation  and  experimental  work  necessary  to 
progress  in  such  a  profession  as  ours  increases  very  rapidly.  For  the 
engineering  profession  to  keep  pace,  for  instance,  with  the  progress 
being  made  today  in  medical  science,  our  investigators  and  experi- 
menters must  have  larger  financial  resources  at  their  disposal  than 
they  have  enjoyed  in  the  past.  Such  foimdations  and  bequests  must 
come  for  the  most  part  from  those  unconnected  with  the  engineering 
profession  and  from  those  who  put  a  value  on  the  engineer's  work  for 
mankind.  Such  assistance  will  result  only  from  a  widespread  appre- 
ciation of  the  engineer's  achievements  for  the  public  good  and  of  the 
requirements  of  engineering. 

22  It  is  no  longer  possible  for  either  a  profession  or  a  craft  to 
corner  information  and  hold  it  for  its  own  use. .  Broadly  speaking, 
those  who  seek  information  in  any  field  can  obtain  it,  or  at  least 
enough  to  answer  their  immediate  purposes.  And  therein  lies  a 
danger.  This  danger  would  in  itself  constitute  a  sufficient  reason 
for  the  engineer  to  take  the  public  into  his  confidence.  For  after  all 
it  is  public  opinion  and  not  the  dictum  of  the  engineering  fraternity 
which  finally  decides  the  large  questions  of  engineering  practice. 
How  much  better  it  would  be  then  to  join  forces  with  the  people,  to 
work  out  with  the  people  the  people's  problems  and  to  build  up  in 
the  lay  mind  such  a  confidence  in  our  devotion  to  the  people's  cause 
that  they  will  be  willing  to  let  us  lead  in  matters  where  our  training 
especially  qualifies  us  to  do  so.  Only  by  educating  the  public  to 
understand  and  appreciate  the  work  of  the  engineer,  can  the  public 
be  made  to  demand  the  best  that  can  be  devised  and  executed  by 
trained  and  skillful  men.  This  will  have  a  two-fold  beneficial  effect 
on  the  profession  in  that  it  will  make  more  work  for  the  engineer  and 
will  give  the  public  that  general  acquaintance  with  engineering  mat- 
ters which  will  make  it  suspicious  of  short-cuts. 


Digitized  by  VjOOQIC 


628  THS  ENGINEER  AND  THE  PEOPLE 

23  Dr.  Hadley,  in  his  address  on  "The  Professional  Ideals  of  the 
Twentieth  Century,"  delivered  at  the  opening  of  the  Engineering 
Societies  Building,  spoke  to  the  engineering  profession  as  follows: 

Yours  is  the  proud  boast  of  having  in  one  brief  century  established  science  aa 
the  arbiter  of  the  material  affairs  of  mankind,  and  of  having  enforced  her  worship 
upon  a  world  once  reluctant  but  now  gloriously  admiring. 

Well  then,  you  will  ask:  Is  there  anything  which  remains  to  be  done  compar- 
able in  importance  to  this?  Yes,  there  is.  An  equally  large  part;  perhaps  in  one 
sense,  a  much  larger  part  of  your  professional  duty  yet  remains  to  be  accom- 
plished. It  is  not  enough  to  have  technical  training.  It  is  not  enough  to  know  the 
special  sciences  on  which  the  practice  of  a  profession  is  based.  A  man  ought  to 
have  a  dear  conception  of  the  public  service  on  which  his  profession  is  based;  a 
man  ought  to  have  clear  conception  of  the  public  service  which  his  profession  can 
render  and  the  public  duty  which  its  members  owe.  Thus,  and  thus  only,  can 
the  engineer,  the  lawyer,  the  physician  or  a  member  of  any  other  learned  profes- 
sion rise  to  the  full  dignity  of  his  calling. 

BBOADEB  TENDENCIES  OF  THE  DAT 

24  There  may  be  some  who  feel  that  in  launching  a  movement  of 
the  kind  proposed  the  Society  would  run  the  risk  of  getting  into  diffi- 
cult positions  and  even  of  antagonizing  friendly  interests.  Judging 
from  what  is  going  on  around  us  in  this  Republic  today,  and  in  fact 
throughout  the  world,  a  step  of  this  kind  will  commend  itself  so 
powerfully  to  the  public  as  to  bring  to  our  standard  a  hundred  friends 
for  every  one  we  could  possibly  lose.  However,  were  this  not  so  there 
is  no  sacrifice  which  the  profession  ought  not  to  be  glad  to  make 
to  put  itself  in  line  with  the  most  advanced  ideas  of  public  service. 
For  after  all  the  greatest  value  to  come  out  of  the  broader  activities 
is  the  inspiration  to  the  individual  engineer  in  his  everyday  work 
from  this  closer  association  with  that  great  employer,  the  people, 
for  whom  in  the  last  analysis  all  ultimately  useful  work  is  done. 

DISCUSSION ' 

Dr.  Alex.  C.  Humphreys  expressed  himself  as  fully  in  accord  with 
Mr.  Cooke's  proposition  and  arguments,  and  especially  with  his  con- 
tention that  this  Society  should  in  a  definite  way  recognize  and  meet 
its  responsibilities  to  the  public. 

2  He  said  in  part:  As  engineers  we  must  bear  a  definite  respon- 
sibility by  reason  of  oiur  special  training,  not  only  as  members  of  the 
profession,  but  as  citizens  qualified  along  certain  specific  lines.     As 

*The  discussions  on  this  paper  are  here  given  in  abstract.  They  were  pub- 
lished in  full  in  the  March,  1909,  number  of  The  Journal. 


Digitized  by  VjOOQIC 


THE  ENGINEER  AND  THE  PEOPLE  629 

individuals  this  responsibility  will  vary  in  direction  and  measure 
according  to  our  capacity  to  advise  along  certain  well-defined  lines. 
.  The  responsibility  rests  upon  the  engineer,  not  only  to 
use  his  knowledge  where  it  can  be  employed  authoritatively  for  the 
public  good,  but  to  withhold  his  advice  unless  his  technical  training 
has  been  adequately  supplemented  by  practical  experience.  Here 
come  in  the  advantages  accruing  if  this  responsibility  to  the  public 
is  recognized  by  such  an  organization  as  ours,  rather  than  if  its  recogni- 
tion is  confined  to  individuals.  Advice  offered  by  our  Society  or  by 
any  other  engineering  society  of  established  reputation  would  be 
that  which  had  stood  the  test  of  discussion  and  criticism  by  the  mem- 
bership at  large,  or  had  been  carefully  canvassed  by  a  competent 
committee,  as  suggested  by  Mr.  Cooke. 

3  The  American  Gas  Institute  has  two  standing  Committees 
which  have  general  charge  of  all  investigations  and  the  procuring 
of  papers  for  its  conventions.  These  are  the  Technical  Committees 
and  the  Public  Relations  Committee.  Problems  of  public  relations 
are  definitely  brought  to  the  attention  of  the  members. 
U  4  The  engineers  of  this  country  individually,  and  still  more  so 
collectively,  are  responsible  as  units  of  a  self-governing  people,  to 
guide  public  opinion  aright,  wherever  they  are  specifically  qualified, 
and  so  to  guide  legislative  and  executive  action. 

5  Perhaps  we  may  be  more  inclined  to  recognize  our  responsibility 
if  we  constantly  bear  in  mind  that  as  engineers  we  are  not  scientists, 
but  that  we  are  charged  with  the  duty  of  practically  applying  the 
truths  of  science  to  the  solution  of  the  world's  industrial  problems. 

6  Responsibility  to  the  public  should  be  kept  constantly  before 
the  students  of  our  schools  of  engineering.  Especially  should  this  be  a 
feature  of  the  instruction  in  the  departments  of  engineering  practice; 
though  opportunities  for  impressing  upon  students  their  duty  as 
citizens  are  not  confined  to  any  one  department. 

Dr.  Talcott  Williams'  said  that  the  suggestions  in  the  author's 
paper  are  the  natural  and  fortunate  product  of  the  joint  experience 
of  the  mechanical  engineer  and  the  journalist.  He  further  said:  In 
it  he  has  pointed  out  why  the  calling  which  has  a  more  severe  technical 
training  than  any  other  and  gives  this  age,  in  the  various  work  and 
achievement  of  engineering,  its  crowning  difference  from  other  ages, 
has  less  weight  in  public  affairs  and  on  public  opinion  than  any  other. 

Talcott  Williams,  LL.D.,  Philadelphia. 
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Engineering  creates  modern  life.  Take  away  engineering,  and  we 
are  what  our  predecessors  were.  Add  engineering,  and  the  modem 
world  is. 

2j^Yet  [modem  ttife^paysjlittle  attention  to  the  word  of  the  engi- 
neer.j-j^What  engineer  here  has  not  seen  in  some  public  work  or 
design][money^wasted  today,  or  waste  made  sure  in  the  near  future, 
for  lack  of  engineering  advice  known  to  engineers?  When  I  became 
a  reporter,  nothing  amazed  me  more,  after  I  had  read  in  the  tech- 
nical journals  of  the  brilliant]  skill  with  which  some  engineer  had 
made  the  impossible,  [possible,  [than  to  go  to  report  the  ''  opening" 
and  find  everybody  on  hand,  and  sometimes  everybody's  name  on 
the  work,  save  the  one  man  who  had  made  it  famous,  but  had  not 
made  himself  known.  In  every  social  system,  a  man  or  men,  a  class 
or  a  calling  will  have  weight,  influence  and  authority  in  proportion 
to  its  accessj^to  the  center  and  origin  of  authority  and  power.  In  a 
broad  democracy,  the  men  who  have  access  to  the  mass  are  certain 
to  have  weight. 

3  The  engineer  has  the  disadvantage  of  a  silent  profession.  His 
calling  is  recent.  Its  work  is  not  understood.  He  is  judged  only  by 
results.  The  engineer  who  secures  these  results,  as  I  have  already 
pointed  out,  too  often  fails  to  get  credit.  Failing  to  get  credit,  he 
fails  to  have  weight  with  the  community,  which  blunders  and  wanders 
for  lack  of  his  guidance. 

4  Who  of  you  does  not  know  of  engineering  blunders  and  engi- 
neering wastes  because  the  large  public  of  voters  and  the  small  public 
of  directors  are  ignorant  of  what  has  been  done  in  engineering?  Both 
are  ignorant  because  yoiur  profession  does  less  than  any  other  to 
educate  the  public.  Look  at  the  work  for  public  health  done  by 
doctors,  for  [new  laws  by  lawyers. ,  The  engineer  will  never  stand 
where  he  should  in  the  state  imtil  he,  too,  discharges  his  duty  at 
this  point.  Neither  doctor  nor  lawyer  speaks  individually,  nor  need 
the  engineer.    Let  local  and  national  engineering  societies  speak. 

5  Dr.  Williams  pointed  out  the  field  of  legislation  for  the  use  of 
safety  devices  and  suggested  that  the  engineering  society  should  guide 
and  frame  the  laws.  He  spoke  of  the  collapsing  of  a  large  concrete 
construction  in  Philadelphia,  causing  great  loss  of  life,  and  pointed 
out  that  that  was  the  time  for  the  engineers,  through  the  newspapers, 
to  speak  clearly,  emphatically  and  authoritatively.  Engineering 
societies  should  have  their  committees  on  legislation.  The  news- 
papers, will  always  gladly  print  authoritative  opinions.    If  failures  in 
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construction  or  in  design  in  public  work  had  lucid  authoritative  exposi- 
tion from  engineering  societies,  if  legislation  were  followed,  if  expert 
remedies  were  proposed  by  engineers  for  known  evils,  the  public  would 
come  to  look  to  these  engineering  societies  for  advice  and  the  entire 
status  and  position  of  the  engineer  would  change,  and  he  would  have 
the  weight  he  should  have  as  the  maker  of  our  current  civilization, 
because  he  would  be  doing  his  duty  in  educating  the  great  public. 

Hon.  George  W.  Guthrie*  urged  that  public  evils  should  be 
pointed  out  and  the  remedy  applied  by  men  whose  training  fits  them 
to  deal  with  the  questions,  and  whose  character  and  abilities  command 
the  confidence  of  the  people.  K  the  people  could  imderstand  from 
such  men  what  was  needed,  how  to  do  it  and  what  it  might  cost, 
progress  would  be  more  rapid. 

Mr.  Fred.  W.  Taylor  said:  Mr.  Cooke's  paper  presents  a  large 
and  almost  unoccupied  field  of  usefulness  for  our  Society,  and  I 
trust  that  we  may  not  be  slow  in  acting  upon  his  suggestions.  What 
are  we  to  do  as  a  society  towards  codperating  with  the  public,  that 
we  are  not  now  doing  as  individual  engineers?  It  would  seem  on 
second  thought  that  there  must  be  a  large  range  of  subjects  in  which 
the  Society  either  through  committees  or  through  a  debating  section, 
or  through  its  employees  (the  Secretary  and  his  executive  staff)  can 
codperate  with  the  public  in  a  manner  which  would  be  entirely 
impossible  for  us  as  individual  engineers. 

2  Mechanical  engineering  problems  are  constantly  recurring  in  the 
management  and  development  of  our  cities,  for  example,  which  if  not 
identical  are  yet  similar,  and  it  is  to  our  Society,  through  its  appro- 
priate committees,  that  public  officials  should  properly  look  for  the 
standards,  both  mechanical  and  in  method  of  procedure,  which  they 
should  use  in  the  solution  of  these  problems.  The  standards  recom- 
mended by  the  committees  of  our  Society  should  have,  and  in  fact  have 
had,  a  weight  and  influence  far  beyond  that  of  any  individual  engineer, 
however  eminent.  One  of  several  illustrations  of  this  will  be  foimd 
in  the  standard  method  of  making  boiler  tests  recommended  by  our 
committee,  which  has  been  for  several  years  the  standard  practically 
accepted  throughout  this  country,  and  is  likely  to  remain  so. 

3  As  we  all  know,  our  most  able  and  public-spirited  Secretary  has 
gained  the  complete  confidence  of  the  Administration  at  Washington 

>  Hon.  Qeo.  W^  Quthrie,  Alayor  of  Pittsburg. 
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by  the  efficient  maimer  in  which  he  helped  the  President  in  making  a 
success  of  the  White  House  Conference  on  the  Conservation  of  our 
National  Resources. 

4  But  few  of  our  members,  however,  have  heard  of  another  in- 
stance in  which  our  Society  has  been  of  great  help  to  the  Administra- 
tion. Mr.  Rice,  this  summer,  and  on  very  short  notice,  at  the  request 
of  Dr.  Rowe,  chairman  of  the  Delegation  of  the  U.  S.  to  the  Pan- Amer- 
ican Scientific  Congress,  secured  16  papers,  some  of  them  written  by 
the  most  prominent  engineers  in  their  specialties,  in  this  country, 
which  are  to  be  read  at  the  First  Pan-American  Scientific  Congress 
in  Santiago,  Chile.  These  papers  should  be  of  the  greatest  interest 
to  our  neighbors  in  South  America,  and  should  materially  help  in 
promoting  friendly  relations  with  them,  and  incidentally  should 
direct  their  attention  toward  American  engineers,  and  our  standards 
and  methods. 

5  Der  Verein  deutscher  Ingenieure,  certainly  the  largest  engineer- 
ing society  in  the  world,  and  in  many  respects  the  most  successful, 
has  established  perhaps  more  intimate  and  useful  relations  with  the 
people  and  the  government  than  any  other  engineering  association. 

6  Their  committee  on  education,  for  example,  has  proved  itself 
of  so  great  practical  value  to  the  German  government  and  to  the 
engineering  and  technical  schools,  that  no  important  step  in  this  edu-  . 
cational  field  is  taken  without  obtaining  its  advice. 

7  Our  Society  has  as  yet  appointed  no  committee  on  engineering 
education,  although  we  have  recently  named  two  members  on  the  Joint 
Committee  for  the  Promotion  of  Engineering  Education,  appointed 
by  the  four  large  en^eering  societies  and  the  American  Society  for 
the  Promotion  of  Engineering  Education. 

Dr.  Arthur  T.  Hadley*  said  he  believed  the  engineering  profes- 
sion would  not  reach  its  highest  position  of  influence  until  it  had 
appreciated  more  fully  the  opportunities  indicated  in  Mr.  Cooke's 
paper. 

Mr.  Frank  Miles  Day'  spoke  of  the  work  the  American  Institute 
of  Architects  has  done  in  service  to  the  public.  It  has  fostered  the 
movement  for  civic  improvement  both  by  the  Institute  proper  and 

» Arthur  T.  Hadley,  LL.D.,  President  of  Yale  University. 
'  Mr.  Frank  Miles  Day,  Architect,  Philadelphia,  Pa.,  lecturer  on  architecture 
at  Harvard  University.  .... 
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by  its  local  chapters  in  the  larger  cities.  Among  these  is  the  Commis- 
sion for  the  Improvement  of  Boston,  which  has  now  before  it  proj- 
ects which  for  two  years  or  more  have  received  most  careful  study 
by  the  society. 

2  In  Cleveland,  OhiO;  the  local  chapter  of  the  Institute  gave  the 
impetus  that  resulted  in  the  appointment  of  an  expert  commission 
whose  splendid  plan  for  the  grouping  of  public  and  semi-public  build- 
ings is  now  being  carried  into  execution. 

3  At  the  capital  of  the  nation,  the  Institute  ivas  instrumental 
in  securing  the  appointment  of  an  expert  commission,  whose  members 
served  without  remimeration,  and  formulated  plans  so  convincing 
by  the  authority  of  their  ^cellence,  that  Washington  already  seems  a 
different  city  by  virtue  of  work  carried  out  in  accordance  with  them. 

4  Although  in  these  and  many  other  instances,  the  Institute  has 
done  notable  work  in  assisting  mimicipalities  to  solve  difficult  problems 
worthily,  there  is  still  a  strong  feeling  among  many  of  its  members  that 
the  Institute  is  not  closely  enough  in  touch  with  the  general  public. 

5  To  improve  this  relation,  the  last  convention  directed  that  a 
Committee  on  Relations  with  the  Public  be  appointed.  Although 
there  has  not  as  yet  been  time  for  extended  work  on  the  part  of  this 
committee,  its  program  includes: 

a  An  attempt  to  secure,  through  the  lay  press,  more  worthy 
criticism  of  important  buildings  as  they  are  from  time  to 
time  completed,  more  adequate  reports  of  the  annual  con- 
vention of  the  Institute,  and  more  intelligent  notices  of 
architectural  exhibitions. 

b  A  series  of  magazine  articles  on  the  status  and  duties  of 
the  architect,  on  good  and  bad  professional  practice,  on 
the  evils  of  ill-regulated  competition  and  on  kindred  sub- 
jects. 

c  An  effort  not  only  to  interpret  the  aims  and  ideals  of  the 
profession  to  the  public,  but  to  assist  the  public  in  the 
conception  that  architecture  is  one  of  the  fine  arts. 

6  It  is  hoped  that  something  may  also  be  done  to  impress  upon  the 
public  the  need  of  sound  training  for  the  architect,  something  that 
may  help  to  deter  the  half-prepared  or  wholly  unnrepared  youth 
from  attempting  a  career  that  requires  the  fullest  preparation,  a  prep- 
aration not  merely  of  a  highly  special  and  technical  character  but  a 
foimdation  of  broad  general  culture  equivalent  to  that  indicated  by 
the  degree  of  Bachelor  of  Arts. 
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7  The  Institute,  from  time  to  time,  shows  its  interest  in  matters  of 
import  to  the  public  by  holding  open  meetings  at  which  such  subjects 
are  discussed;  or  at  which  it  evidences  its  interest  in  the  sister  arts 
of  painting  and  sculpture  by  giving  exhibitions  of  them. 

8  The  relations  of  technical,  artistic  and  learned  societies  to  each 
other  are  important.  At  present,  these  relations  are  by  no  means 
as  close  or  profitable  as  they  might  be.  To  speak  only  of  mechan- 
ical engineers  and  architects:  it  is  fair  to  say  that  owing  to  the 
necessity  for  the  services  of  engineers  of  high  attainments  in  de- 
signing the  mechanical  and  electrical  equipment  of  modem  build- 
ings, architects  and  engineers  have  been  brought  in  much  closer 
touch  than  formerly  and  to  their  mutual  advantage.  But  cannot  the 
architects,  as  a  body,  through  their  Institute,  be  of  service  to  the  engi- 
neers as  a  body  through  their  Society,  and  conversely,  cannot  the 
Society  be  of  use  to  the  Institute? 

Mr.  H.  F.  J.  Porter  thought  that  the  conditions  aflfecting  the  two 
classes,  the  employer  and  the  employed, which  compose  "the people" 
to  whom  Mr.  Cooke  refers,  should  be  improved.  He  maintained  that 
some  employers  consider  too  lightly  the  social  and  economic  effect 
of  their  methods  on  the  people. 

2  He  contrasted  the  employer  for  whom  "the  best  is  none  too 
good,"  and  whose  plant  is  in  every  respect  a  model,  with  the  employer 
maintaining  conditions  so  wretched  as  regards  health  and  comfort 
and  permitting  the  treatment  of  his  help  to  be  so  bad  that  no  self- 
respecting  man  would  submit  to  them.  It  does  not  require  a  very 
vivid  imagination  to  appreciate  the  difference  in  effects  produced  by 
these  methods,  either  on  the  organizations  or  on  the  communities  in 
which  these  plants  are  located.  There  is  also  another  potent  element 
affecting  the  relations  between  capital  and  labor  in  which  "  the  people" 
are  vitally  interested.  This  is  composed  of  the  rich  men  who  have 
acquired  controlling  interests  in  successful  enterprises  by  advancing 
money  on  account  of  friends  who  have  become  involved.  They  are 
employers  by  accident  and  take  no  further  interest  in  the  affairs  of 
the  enterprise  than  to  get  returns  on  their  investments.  Their 
injunctions  are  to  "  keep  down  expenses."  Such  employers  consider 
too  lightly  the  social  and  economic  effect  of  their  methods  on  "  the 
people." 

3  Members  of  the  Society  engaged  in  reorganizing  shops  witness 
that  a  large  proportion  of  failures  in  industrial  enterprises  are  due  to 
arbitrary  methods  of  management.     Changes   in  the  methods  of 
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management  have  become  necessary  and  are  directed  away  from  the 
centralized  or  one-man  source  of  authority  towards  distributed  power 
or  committee  management.  The  executives  of  our  largest  industrial 
enterprises  are  urging  their  employees  to  become  stock  holders  and 
thus  part  owners  having  a  voice  in  the  management. 

4  Now  that  our  Society  is  enlarging  its  scope  and  ofiFering  oppor- 
ttmities  for  the  establishment  of  sections,  to  the  membership  of  which 
others  than  those  qualified  as  engineers  are  eligible,  it  seems  to  me 
that  the  opporttmity  is  here  presented  for  managers  and  those  inter- 
ested in  management  to  get  together  for  the  interchange  of  views  and 
the  discussion  of  those  questions  which  have  so  important  a  bearing 
on  the  industries  of  this  country,  and  therefore  upon  "the  people" 
at  iBTf^  who  are  directly  affected  by  them. 

Mr.  Arthur  L.  Church  described  the  methods  by.  which  the  Uni- 
versity of  Pennsylvania  keeps  itself  before  the  public  in  order  that 
the  public  may  take  an  intelligent  interest  in  it.    He  f  lui^her  said : 

2  I  heartily  agree  with  Mr.  Cooke's  suggestion  that  technical 
societies  should  take  an  active  and  altruistic  interest  in  questions 
affecting  the  public  weal.  This  has  been  done  in  many  instances  by 
the  Franklin  Institute  of  Philadelphia,  and  it  accounts  in  some  meas- 
ure for  the  hold  which  that  institution  has  on  the  public  and  the 
interest  which  the  public  takes  in  its  welfare. 

Prof.  A.  W.  Mosblby  thought  that  an  intelligent  and  unselfish 
meeting  of  the  opportimities  of  the  engineer  would  bring  him  before 
the  public  in  a  more  evidently  useful  and  generally  prominent  light. 
As  an  instance  he  suggests  that  the  introduction  of  safety  appliances 
be  urged  universally  by  members  of  the  Society.  He  also  recommends 
to  the  attention  the  esthetic  as  well  as  the  ethical  side  of  engineering, 
quoting  from  Dr.  Waddell's  De  Pontibus:  "  In  all  structural  work  the 
subject  of  aesthetics  must  be  duly  considered:  and  all  designs  are  to  be 
made  in  harmony  with  the  principles  thereof,  to  as  great  an  extent  as 
the  money  available  for  the  work  will  permit,  or  the  environment  of 
the  structure  calls  for." 

Mr.  James  M.  Dodge  heartily  approved  of  the  suggestions  in  Mr. 
Cooke's  paper  and  expressed  himself  as  believing  that  the  ball  which 
Mr.  Cooke  had  set  rolling  would  be  accelerated  in  its  progress  by  the 
professions  for  all  time  to  come. 
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Mr.  Ambrose  Swasey  said  that  the  field  of  the  engineer  is  broaden- 
ing all  the  time,  and  that  this  paper  contemplates  a  yet  larger  field  of 
usefulness.  He  quoted  Congressman  Burton  as  sa3ring  in  connection 
with  the  conservation  movement:  "By  all  means  the  engineer  should 
be  found  in  the  front  rank,  for  he  is  a  most  important  factor  in  this 
splendid  work  which  we  are  about  to  undertake,  a  work  of  which  we 
have  just  reached  the  edge,  and  which  will  go  on  and  on,  increasing  as 
the  years  progress." 

2  Mr.  Swasey  further  said:  What  Mr.  Cooke  has  said  means  a 
step  in  advance  for  this  Society  and  for  the  engineers  of  this  country. 
It  means  that  we  are  going  to  pay  more  attention  to  public  matters, 
not  simply  to  our  private  interests,  but  to  the  good  of  the  people  as  a 
whole.     In  this  connection  I  wish  to  present  the  following  resolution: 

3  Resolved,  that  we  recommend  to  the  Council  the  appointment  of 
a  Professional  Committee,  to  investigate,  consider  and  report  on  the 
methods  whereby  the  Society  may  more  directly  oodperate  with  the 
public  on  engineering  matters,  and  on  the  general  policy  which  should 
control  such  codperation. 

Mr.  Charles  Wallace  Hunt  said :  This  resolution,which  Mr.Swasey 
has  proposed,  is  really  broadening  the  work  of  the  Society.  It  may 
become  a  national  engineering  and  economic  movement,  which  may 
develop  later  as  a  section  of  the  Society.  With  that  in  view,  I  second 
the  motion  made  by  Mr.  Swasey.  [The  resolution  was  also  seconded 
by  Mr.  Pred.  W.  Taylor  and  unanimously  adopted. — Editor.] 

Prop.  F.  R.  Hutton  called  attention  to  the  necessity  for  an  amend- 
ment to  the  Constitution  for  this  purpose,  and  gave  notice  there- 
upon to  amend  Article  C45  at  the  Spring  Meeting  of  the  Society,  at 
which  time  such  amendment  would  be  brought  up  for  discussion. 

Mr.  Oberlin  Smith  agreed  in  general  with  Mr.  Cooke's  idea  of  a 
standing  committee  upon  relations  with  the  public,  with  the  additional 
suggestion  that  such  a  committee  might  also  act  as  a  committee  upon 
a  Code  of  Ethics,  a  matter  which  other  societies  are  taking  up  and 
which  we  cannot  afford  to  neglect.  He  said,  it  is  true  that  engineers 
as  a  body  live  too  much  to  themselves  and  for  their  work  and  do  not 
suflSciently  aflSliate  with  the  public  in  general. 

2  He  urged  the  higher  self-cultivation  of  all  engineers  and 
regretted  that  with  the  exception  of  West  Point  and  Annapolis,  few 
of  our  colleges  and  technical  schools  give  enough  attention  to  this 
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matter.  He  suggested  that  it  would  be  a  wise  policy  for  this  Society 
to  urge  upon  the  technical  schools  the  adoption  of  broader  and  more 
liberal  schemes  of  education,  especially  during  the  students'  early 
years. 

3  He  stated  that  the  public  had  not  yet  fully  discriminated 
between  the  machinist  who  shapes  the  iron  into  a  steam  engine,  or 
the  engineman  who  oils  and  cleans  and  watches  it  run,  and  the  pro- 
fessional engineer,  who  with  the  necessary  ability,  education  and 
experience,  has  designed  it.  He  hoped  that  the  nomenclature  would 
be  improved,  and  that  we  would  either  drop  the  name  of  engineer  or 
try  in  earnest  to  limit  it  to  professional  men,  using  other  names  for 
the  lower  grades.  He  said  further:  Knowing  what  our  profession 
is  and  does,  it  seems  remarkable  that  it  is  not  more  often  represented 
in  Congress,  in  the  Cabinet  and  even  in  the  White  House. 

The  Author  The  engineering  profession  may  almost  be  said 
to  accept  the  conception  of  its  duty  toward  the  public  as  outlined  in 
this  paper,  since  all  the  discussion  before  the  Society,  in  the  technical 
press  and  elsewhere,  has  apparently  been  favorable.  Even  those  who 
place  the  highest  value  on  the  work  of  the  engineer  are  willing  to 
admit  that  he  has  failed  in  this  public  fimction.  There  is  little 
therefore  to  be  gained  from  further  discussion.  Garlyle  has  said  that 
"The  end  of  life  is  an  Action,  not  a  Thought,  though  it  were  the 
noblest."  This  injunction  comes  with  added  weight  to  a  profession 
that  stands  for  action,  not  speculation. 

2  It  is  not  too  much  to  expect  that  The  American  Society  of 
Mechanical  Engineers  should  lead  in  the  work  of  transforming  this 
thought  into  action.  Already  its  committees  are  showing  in  their 
various  plannings  the  quickening  thrill  of  a  broader  vision.  It  is 
nevertheless  true  that  the  Society  acting  as  a  corporate  entity  can 
be  efifective  in  this  work  only  as  the  individual  activities  of  its  mem- 
bers make  it  possible  and  as  it  is  held  up  to  the  work  by  what  may  be 
called  the  suggestive  influence  of  individual  members. 

3  Is  there  not  the  danger  that  our  progress  may  be  retarded  by 
our  holding  back  as  a  Society  and  as  individual  members  in  order  to 
take  part  in  some  great  work  which  is  to  benefit  the  public  in  a  large 
way?  Doubtless  there  are  such  undertakings  ahead  of  us.  But 
one  small  piece  of  engineering  work  of  a  purely  public  character 
done  by  an  engineer  or  an  association  of  engineers  with  the  utmost 
efficiency  and  done  at  once  will  advance  the  whole  program  more  than 
would  the  proposing  of  a  dozen  more  ambitious  schemes  which  might 
one  by  one  die  in  the  process  of  being  discussed. 
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THE  PRESENT  STATUS  OF  MILITARY 
AERONAUTICS 

By  Gsorqe  O.  Squibb,  Ph.D,  Wabhinoton,  D.  C. 

Major,  Signal  Corps,  U.  S.  Army 

Non-Member 

It  is  a  matter  of  first  significance  that  The  American  Society  of 
Mechanical  Engineers,  composed  of  a  body  of  highly  trained  and 
serious  minded  men,  should  be  considering  in  annual  meeting  assem- 
bled the  subject  of  aerial  navigation.  Five  years  ago  such  a  subject 
could  scarcely  have  had  a  place  on  the  list  of  professional  papers 
on  your  program.  The  present  period  will  ever  be  memorable  in 
the  history  of  the  world  for  the  first  public  demonstrations  of  the 
practicability  of  mechanical  flight.  In  fact,  at  the  present  moment 
a  resistless  wave  of  enthusiasm  and  endeavor,  sweeping  away  every 
prejudice,  is  passing  over  the  entire  civilized  world,  fixing  the  atten- 
tion of  all  classes  upon  the  problem  of  flight.  France,  Germany, 
and  England  are  in  a  state  of  frenzied  interest  in  this  subject,  and 
each  period  of  a  single  month  sees  some  new  step  accomplished  in  the 
march  of  progress.  The  Universal  Highway  is  at  last  to  be  made 
available  for  the  uses  of  mankind,  with  its  consequent  influence  upon 
our  modes  of  life  and  thought. 

2  The  subject  of  war  balloons  and  their  accessories  pertains  by 
law  to  the  Signal  Corps  of  the  Army,  and  some  months  since  an 
invitation  was  extended  to  the  Chief  Signal  Oflicer  of  the  Army, 
Grenl.  James  Allen,  to  meet  with  you  on  this^occasion  and  present  to 
this  distinguished  body  of  practical  engineers  an  outline  of  the  work 
of  the  Government  in  this  direction.  On  account  of  pressure 
of  official  duties  General  Allen  has  designated  me  to  perform  this 
duty,  and  notwithstanding  a  keen  consciousness  of  personal  short- 
comings, yet  I  would  be  indeed  lacking  in  sentiment  if  I  failed  to 
acknowledge  the  honor  felt  in  appearing  here  today  to  present  such 

Preaented  at  the  New  York  Meeting  (December  1908)  of  The  American  Society 
of  Mechanical  Engineers. 
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a  subject  for  the  first  time  before  a  national  body  of  American 
engineers. 

3  At  the  outset;  it  must  be  stated  that  the  subject  is  so  vast  in 
its  scientific  details  and  that  data  and  results  are  being  obtained  so 
rapidly  that  it  is  manifestly  impossible  to  present  more  than  the 
merest  outline  of  the  present  state  of  this  new  Science  and  Art 
within  the  limits  of  a  short  paper.  From  the  earliest  times  men 
have  dreamed  of  imitating  the  birds  in  sailing  through  the  air,  yet  it 
is  only  within  a  very  few  years  that  the  strength  of  materials  and 
the  mechanical  construction  of  motors  have  reached  a  state  to  make 
power-flight  possible.  The  industrial  development  of  the  automobile 
has  been  a  powerful  ally  in  the  realization  of  mechanical  flight,  and 
the  engineering  profession  finds  itself  equipped  and  ready  to  further 
the  development  of  this  great  problem. 

4  On  December  23,  1907,  the  Signal  Corps  of  the  Army  issued  a 
public  advertisement  and  specification  calling  for  bids  for  furnishing 
the  Government  with  a  heavier-than-air  fl3dng  machine.  A  copy 
of  this  specification  is  appended  to  this  paper  as  of  possible  historical 
interest. 

6  The  conditions  of  this  specification  require  that  the  Govern- 
ment be  furnished  with  a  heavier-than-air  fl3dng  machine  capable 
of  carrying  one  passenger  besides  the  aviator,  and  it  must  remain 
in  the  air  on  an  endurance  test  for  a  period  of  one  hour  without  land- 
ing, and  must  also  be  subjected  to  a  speed  test  over  a  measured 
course  of  more  than  five  miles,  against  and  with  the  wind,  attain- 
ing a  minimum  speed  of  36  miles  per  hour.  The  machine  must,  in 
addition,  carry  fuel  for  a  continuous  flight  of  not  less  than  125 
miles. 

6  In  preparing  this  specification,  it  was  purposely  sought  to 
leave  the  bidder  perfectly  free  in  the  methods  to  be  employed,  and 
he  was  not  restricted  as  to  type  or  design.  At  the  time  this  specifi- 
cation was  issued,  eleven  months  ago,  the  conditions  were  publicly 
regarded  as  being  unusually  severe  and  far  beyond  the  state  of  the 
art  at  that  time.  That  these  conditions  were  justified  has  been 
subsequently  proved,  as  is  now  well  known. 

7  Although  the  public  advertisement  called  for  but  one  heavier- 
than-air  machine,  yet  when  the  bids  were  opened  it  was  found  possible, 
through  the  cooperation  of  the  Board  of  Ordnance  and  Fortification, 
to  award  a  contract  to  each  bidder  who  complied  with  the  require- 
ments of  the  law  in  every  respect,  and  consequently  contracts  were 
ultimately  awarded  to  the  Wright  Brothers  of  Dayton,  Ohio,  for  the 
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sum  of  $25  000  for  a  40-inile  speed,  and  also  to  A.  M.  Herring  of 
New  York,  for  the  sum  of  $20  000. 

8  It  was  believed  that  the  acceptance  by  the  Government  of 
each  of  the  bids  submitted  instead  of  but  one  of  them  would  serve 
as  an  additional  stimulus  to  develop  practical  aviation  in  the  United 
States,  and  at  the  same  time  serve  to  supply  the  War  Department 
with  machines  needed  in  military  service.  This  dual  object, — to 
advance  a  new  art  of  interest  to  the  nation  as  a  whole,  and  to  secure 
necessary  equipment  for  the  military  establishment, — has  been  in 
the  past  and  is  at  present  the  policy  of  the  Signal  Corps  of  the  Army. 

9  The  result  of  issuing  this  specification,  as  well  as  a  similar  one 
for  supplying  a  small  dirigible  balloon  for  the  preliminary  training 
of  the  men  of  the  Signal  Corps,  was  an  awakening  of  interest  in  this 
subject  throughout  the  country  to  such  an  extent  that  the  Signal 
OflBce  continues  to  receive  daily  a  large  number  of  letters,  plans, 
and  models  proposing  manifold  schemes  for  navigating  the  sir. 

10  The  Aeronautical  Division  of  the  Office  of  the  Chief  Signal 
Officer  of  the  Army  was  organized  on  July  1, 1907,  and  the  Aeronau- 
tical Board  of  the  Signal  Corps  was  appointed  in  July  of  the  current 
year  for  conducting  tests  of  dirigible  balloons  and  aeroplanes  under 
existing  contracts. 

11  It  should  be  stated  that  the  mention  of  particular  types  of 
dirigible  balloons  and  aeroplanes  in  this  paper  must  not  be  considered 
as  an  official  indorsement  of  these  particular  machines,  nor  the  failure 
to  mention  other  types  be  construed  to  indicate  a  lack  of  equal 
recognition  of  the  merits  of  the  latter.  In  the  case  of  the  Wright 
Brothers,  however,  it  is  desired  to  associate  the  Signal  Corps  of  the 
Army  publicly  and  officially  with  the  present  universal  recognition 
of  their  work  in  advancing  the  science  and  art  of  aviation.  These 
results  have  been  due  to  the  persistence,  daring,  and  intelligence  of 
these  American  gentlemen,  to  whom  the  whole  world  is  now  pa3dng 
homage.  It  will  ever  be  recorded  that  the  classic  series  of  public 
demonstrations  first  made  by  Orville  Wright  at  the  government 
testing  grounds  at  Fort  Myer,  Va.,  in  September,  1908,  and  by  Wilbur 
Wright  at  Le  Mans,  France,  made  a  profound  impression  through- 
out the  world,  and  kindled  especially  the  patriotic  spirit  of  the 
American  people. 

12  There  are  two  general  classes  of  vehicles  of  the  air,  (a)  those 
which  depend  for  their  support  upon  the  buoyancy  of  some  gas 
lighter  than  air,  and  (6)  those  which  depend  for  such  support  upon 
the  dynamic  reaction  of  the  air  itself.     These  classes  are  designated 
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a    Lighter-than-air  types: 

Free  balloons,  dirigible  balloons  or  airships 
b    Heavier-than-air  types: 

Aeroplanes,  orthopters,  helicopters,  etc. 

13  It*  should  be  remarked,  however,  that  these  two  general 
classes  exhibit  a  growing  tendency  to  overlap  each  other.  For 
example,  the  latest  dirigible  balloons  are  partly  operated  by  means 
of  aeroplane  surfaces,  and  are  also  often  balanced  so  as  to  be  slightly 
heavier  than  the  air  in  which  they  move,  emplo3ring  the  propeller 
thrust  and  rudder  surfaces  to  control  the  altitude. 

AEROSTATION 

14  Captive  and  free  balloons,  with  the  necessary  apparatus  and 
devices  for  operating  the  same,  have  been  for  many  years  considered 
an  essential  part  of  the  military  establishment  of  every  first-class 
Power.  They  played  a  conspicuous  part  in  the  siege  of  Paris,  and 
were  often  valuable  in  our  own  Civil  War.  The  construction  and 
operation  of  aerostats  are  too  well  understood  to  need  further  atten- 
tion here. 

Successful  Military  Dirigible  Balloons 

FRANCE 

15  Two  types  of  dirigible  balloons  have  been  used  in  the  French 
Army;  first  the  Patrie,  and  second  the  Ville  de  Paris. 

16  The  Patrie  was  developed  by  Julliot,  an  engineer  employed  by 
,the  Lebaudy  Brothers  at  their  sugar  refinery  in  Paris.     A  history  of 

his  work  beginning  in  1896  is  fully  given  in  La  ConquiU  de  VAir, 

the  patrie 

17  The  Patrie,  the  third  of  its  type,  was  first  operated  in  1906. 
The  gas  bag  of  the  first  balloon  was  built  by  Surcouf  at  Billancourt, 
Paris.  The  mechanical  part  wasl)uilt  at  the  Lebaudy  Sugar  Refinery. 
Since  then  the  gas  bags  have  been  built  at  the  lebaudy  balloon  shed 
at  Moisson,  near  Paris,  under  the  direction  of  their  aeronaut,  Juchm&. 
The  gas  bag  of  the  Patrie  was  197  ft.  long  with  a  maximum  diameter  of 
33  ft.  9  in.,  situated  about  2/5  of  the  length  from  the  front;  volume 
111  250  cu.  ft. ;  length  approximately  six  diameters.  This  relation, 
together  with  the  cigar  shape,  is  in  accordance  with  the  plans  of  Colonel 
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Renard's  dirigible,  built  and  operated  in  France  in  1884;  the  same 
general  shape  and  proportions  being  found  in  the  ViUe  de  Paris. 

18  The  first  Lebaudy  was  pointed  at  the  rear,  which  is  generally 
admitted  to  be  the  proper  shape  for  the  least  resistance,  but  to  main- 
tain stability  it  was  found  necessary  to  put  a  horizontal  and  vertical 
plane  there,  so  that  it  had  to  be  made  an  ellipsoid  of  revolution  to  give 
attachment  for  these  planes. 

19  The  ballonet  for  air  had  a  capacity  of  22  958  cu.  ft.  or  about  | 
of  the  total  volume.  This  is  calculated  to  permit  reaching  a  height  of 
about  one  mile  and  returning  to  the  earth,  keeping  the  gas  bag 
always  rigid.  To  descend  from  a  height  of  one  mile,  gas  would  be 
released  by  the  valve,  then  air  pumped  into  the  ballonet  to  keep  the 
gas  bag  rigid,  these  two  operations  being  carried  on  alternately.  On 
reaching  the  ground  from  the  height  of  one  mile  the  air  would  be  at  the 
middle  of  the  lower  part  of  the  gas  bag  and  would  not  entirely  fill 
the  ballonet.  To  prevent  the  air  from  rolling  from  one  end  to  the 
other  when  the  airship  pitches,  thus  producing  instability,  the  ballonet 
was  divided  into  three  compartments  by  impermeable  cloth  parti- 
tions. Numerous  small  holes  were  pierced  in  these  partitions  through 
which  the  air  finally  reached  the  two  end  compartments. 

20  In  September  1907,  the  Patrie  was  enlarged  by  17  660  cu.  ft. 
by  the  addition  of  a  cylindrical  section  at  the  maximum  diameter, 
increasing  the  length  but  not  the  maximum  diameter. 

21  The  gas  bag  is  cut  in  panels;  the  material  is  a  rubber  cloth  made 
by  the  Continental  Tire  Company  at  Hanover,  Germany.  It  con- 
sists of  four  layers  arranged  as  follows: 

Weight  oz. 
per  square  yard 

a  Outer  layer  of  cotton  cloth  covered  with 

lead  chromate 2.5 

b  Layer  of  vulcanized  rubber 2.5 

c  Layer  of  cotton  cloth 2.5 

d  Inner  layer  of  vulcanized  rubber 2.21 

Total  weight 9.71 

22  A  strip  of  this  cloth  one  foot  wide  tears  at  a  tension  of  about 
934  lb.  A  pressure  of  about  1  in.  of  water  can  be  maintained  in  the 
gas  bag  without  danger.  The  lead  chromate  on  the  outside  is  to 
prevent  the  entrance  of  the  actinic  rays  of  the  sun  which  would  cause 
the  rubber  to  deteriorate.    The  heavA'  layer  of  rubber  is  to  prevent  the 
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leaking  of  the  gas.  The  inner  layer  of  rubber  is  merely  to  prevent 
deterioration  of  the  cloth  by  impurities  in  the  gas.  This  material 
has  the  warp  of  the  two  layers  of  cotton  cloth  running  in  the  same 
direction  and  is  called  straight  thread.  The  material  in  the  ballonet 
weighs  only  about  TJ  oz.  per  sq.  yd.  and  has  a  strength  of  about 
336  lb.  per  running  foot.  When  the  Patrie  was  enlarged  in  Septem- 
ber 1907,  the  specifications  for  the  material  allowed  a  maximum 
weight  of  10  oz.  per  sq.  yd.,  a  minimum  strength  of  907  lb.  per  running 
foot,  and  a  loss  of  5.1  cu.  in.  of  hydrogen  per  square  yard  in  twenty- 
four  hours  at  a  pressure  of  1.18  in.  of  water.  Bands  of  cloth  are 
pasted  over  the  seams  inside  and  out  with  a  solution  of  rubber  to  pre- 
vent leaking  through  the  stitches. 

23  Stispension.  One  of  the  characteristics  of  the  Patrie  is  the 
"short"  suspension.  The  weight  of  the  car  is  distributed  over  only 
about  70  ft.  of  the  length  of  the  gas  bag.  To  do  this,  an  elliptical 
shaped  frame  of  nickel  steel  tubes  is  attached  to  the  bottom  of  the  gas 
bag;  steel  cables  nm  from  this  down  to  the  car.  A  small  hemp  net 
is  attached  to  the  gas  bag  by  means  of  short  wooden  crors  pieces  or 
toggles  which  are  let  into  holes  in  a  strong  canvas  band  sewed 
directly  on  the  gas  bag.  The  metal  frame,  or  platform,  is  attached 
to  this  net  by  means  of  toggles,  so  that  it  can  be  quickly  removed  in 
dismounting  the  airship  for  transportation.  The  frame  can  also  be 
taken  apart.  Twenty-eight  steel  cables  about  0.2  in.  in  diameter  run 
from  the  frame  down  to  the  car,  and  are  arranged  in  triangles.  Due 
to  the  impossibility  of  deforming  a  triangle,  rigidity  is  maintuned 
between  the  car  and  gas  bag. 

24  The  objection  to  the  "  short"  suspension  of  the  Patrie  is  the 
deformation  of  the  gas  bag.  A  distinct  curve  can  be  seen  in  the 
middle. 

25  The  Car.  The  car  is  made  of  nickel  steel  tubes  (12  per  cent 
nickel).  This  metal  gives  the  greatest  strength  for  minimum  weight. 
The  car  is  boat-shaped,  about  16  ft.  long,  about  5  ft.  wide,  and  2^  ft. 
high.  About  11  ft.  separates  the  car  from  the  gas  bag.  To  prevent 
any  chance  of  the  fire  from  the  engine  communicating  with  the  hydro- 
gen, the  steel  framework  under  the  gas  bag  is  covered  with  a  non-com- 
bustible material. 

26  The  pilot  stands  at  the  front  of  the  car,  the  engine  is  in  the 
middle,  the  engineer  at  the  rear.  Provision  is  made  for  mounting  a 
telephotographic  apparatus,  and  for  a  100-candle-power  acetylene 
search-light.  A  strong  p3rramidal  structure  of  steel  is  built  under  the 
car,  pointing  downward.     In  landing  the  point  comes  to  the  ground 
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first  and  this  protects  the  car,  and  especially  the  propellers,  from  being 
damaged.  The  car  is  covered  to  reduce  air  resistance.  It  is  so 
low,  however,  that  part  of  the  equipment  and  most  of  the  bodies  of 
those  inside  are  exposed,  so  that  the  total  resistance  of  the  car  is 
large. 

27  The  Motor.  The  first  Lebaudy  had  a  40  h.  p.  Daimler-Merce- 
des benzine  motor.  The  Patrie  was  driven  by  a  60  to  70  h.p.,  4-cylin- 
der  Panhard  Levassor  benzine  motor,  making  1000  r.p.m. 

28  The  Propellers.  There  are  two  steel  propellers  8i  ft.  in 
diameter  (two  blades  each)  placed  at  each  side  of  the  engine,  thus 
giving  the  shortest  and  most  economical  transmission.  To  avoid  any 
tendency  to  twist  the  car,  the  propellers  turn  in  opposite  directions. 
They  are  "high  speed,"  making  1000  to  1200  r.p.m. 

29  The  gasolene  tank  is  placed  under  the  car  inside  the  pyramidal 
frame.  The  gasolene  is  forced  up  to  the  motor  by  eir  compression. 
The  exhaust  is  under  the  rear  of  the  car  pointing  down  and  is  covered 
with  a  metal  gauze  to  prevent  flames  coming  out.  The  fan  which 
drives  the  air  into  the  ballonet  is  run  by  the  motor,  but  a  dynamo  is 
also  provided  so  that  the  fan  can  always  be  kept  running  even  if  the 
motor  stops.  This  is  very  essential  as  the  pressure  must  be  main- 
tained inside  the  gas  bag  so  that  the  latter  will  remain  rigid  and  keep 
its  form.  There  are  five  valves  in  all,  part  automatic  and  part  both 
automatic  and  also  controlled  from  the  car  with  cords.  The  valves  in 
the  ballonet  open  automatically  at  less  pressure  than  the  gas  valves, 
so  that  when  the  gas  expands  all  the  sir  is  driven  out  of  the  ballonet 
before  there  is  any  loss  of  gas.  The  ballonet  valves  open  at  a  pres- 
sure of  about  0.78  in.  of  water,  the  gas  valves  at  about  2  in. 

30  Stability.  Vertical  stability  is  maintained  by  means  of  fixed 
horizontal  planes.  One  having  a  surface  of  150  sq.  ft.  is  attached  at 
the  rear  of  the  gas  bag,  and  due  to  its  distance  from  the  center  of 
gravity  is  very  eflScient.  The  elliptical  frame  attached  imderthegas 
bag  has  an  area  of  1055  sq.  ft.  but  due  to  its  proximity  to  the  center 
of  gravity,  has  little  effect  on  the  stability.  Just  behind  the  ellip- 
tical frame  is  an  arrangement  similar  to  the  feathering  on  an  arrow. 
It  consists  of  a  horizontal  plane  of  150  sq.  ft.,  and  a  vertical  plane  of 
113  sq.  ft.  To  maintain  horizontal  stability,  that  is,  to  enable  the 
airship  to  move  forward  in  a  straight  line  without  veering  to  the  sides, 
fixed  vertical  planes  are  used.  One  runs  from  the  center  to  the  rear 
of  the  ellipticid  frame  and  has  an  area  of  108  sq.  ft. 

31  In  addition"to'the'vertical  surface  of^ll3  sq.^^ft.  at  the  rear  of 
the  elliptical  frame,  there  is  a  fixed  plane  of  150  sq.  ft.  at  the  rear  of 
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the  gas  bag.  To  fasten  the  two  perpendicular  planes  at  the  rear  of 
the  gas  bag,  cloth  flaps  are  sewed  directly  on  the  gas  bag.  Nickel 
steel  tubes  are  placed  in  the  flaps  which  are  then  laced  over  the  tubes. 
With  these  tubes  as  a  base,  a  light  tube  and  wire  framework  is 
attached  and  water-proof  cloth  laced  on  this  framework.  Addi- 
tional braces  run  from  one  surface  to  the  other  and  from  each  sur- 
face to  the  gas  bag.  The  rudder  is  at  the  rear  under  the  gas  bag.  It 
has  about  150  sq.  ft.  and  is  balanced. 

32  A  movable  horizontal  plane  near  the  center  of  gravity,  above 
the  car,  is  used  to  produce  rising  or  descending  motion,  or  to  prevent 
an  involuntary  rising  or  falling  of  the  airship  due  to  expansion  or  con- 
traction of  the  gas  or  to  other  causes.  After  the  adoption  of  this 
movable  horizontal  plane,  the  loss  of  gas  and  ballast  was  reduced  to  a 
minimum.  Ballast  is  carried  in  10  and  20  lb.  sand  bags.  A  pipe 
runs  through  the  bottom  of  the  car  from  which  the  ballast  is  thrown. 

33  There  are  two  long  guide  ropes,  one  attached  at  the  front  of  the 
elliptical  frame  and  the  other  on  the  car.  On  landing,  the  one  in 
front  is  seized  first  so  as  to  hold  the  airship  with  the  head  to  the  wind. 
The  motor  may  then  be  stopped  and  the  descent  made  by  pulling 
down  on  both  guide  ropes.  A  heavy  rope,  22  ft.  long,  weighing  110 
lb.,  is  attached  on  the  end  of  a  164  ft.  guide  rope.  This  can  be  dropped 
out  on  landing  to  prevent  coming  to  the  ground  too  rapidly.  The 
equipment  of  the  car  includes  a  "siren,"  speaking  trumpet,  carrier 
pigeons,  iron  pins  and  a  rope  for  anchoring  the  airship,  reserve  supply 
of  fuel  and  water,  and  fire  extinguisher. 

34  After  being  enlarged  in  September  1907  the  Patrie  made  a 
number  of  long  trips  at  an  altitude  of  2500  to  3000  ft.  In  November 
1907,  she  went  from  Paris  to  Verdun,  near  the  German  frontier,  a 
distance  of  about  176  miles,  in  about  7  hours,  carrying  four  persons. 
This  trip  was  made  in  a  light  wind  blowing  from  the  northeast.  Her 
course  was  east,  so  that  the  wind  was  unfavorable.  On  Friday, 
November  29,  1907,  during  a  flight  near  Verdun,  the  motor  stopped 
due  to  diflSculty  with  the  carburetter.  The  airship  drifted  with  the 
wind  to  a  village  about  10  miles  away  where  she  was  safely  landed. 
The  carburetter  was  repaired  on  the  30th.  Soon  after,  a  strong  wind 
came  up  and  tore  loose  some  of  the  iron  pickets  with  which  the 
airship  was  anchored.  This  allowed  it  to  swing  broadside  to  the 
wind ;  it  then  tilted  over  on  the  side  far  enough  to  let  some  of  the  ballast 
bags  fall  out.  The  160  or  200  soldiers  who  were  holdingthe  ropes  were 
pulled  along  the  ground  until  directed  by  the  oflBcer  in  charge  to  let  go. 
After  being  released,  the  airship  rose  and  was  carried  by  the  wind 
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across  the  north  of  France,  the  English  Channel,  and  mto  the  north 
of  Ireland.  It  struck  the  earth  there,  breaking  off  one  of  the  pro- 
pellers, and  then  drifted  out  to  sea. 

THE  REPUBLIQUE 

35  This  is  the  latest  of  the  French  military  dirigible  balloons,  and 
differs  but  slightly  from  its  predecessor,  the  Patrie.  The  volume  has 
been  increased  by  about  2000  cu.  ft.  The  length  has  been  reduced 
to  200  ft.  and  the  maximum  diameter  increased  to  35^  ft.  The 
shape  of  the  gas  bag  accounts  for  the  2000  additional  cubic  feet  of 
volume.  The  motor  and  propellers  are  as  in  the  Patrie.  The  total 
lifting  capacity  is  9000  lb.,  of  which  2700  lb.  are  available  for  passen- 
gers, fuel,  ballast,  instruments,  etc.  Its  best  performance  was  a 
125-mile  flight  made  in  6^  hours  against  an  unfavorable  wind. 

36  The  material  for  the  gas  bag  of  the  new  airship  was  furnished 
by  the  Continental  Tire  Company.     It  is  made  up  as  follows: 

Weight  oz. 
per  square  yaid 

Outer  yellow  cotton  layer    3.25 

Layer  of  vulcanized  rubber 3 .  25 

Layer  of  cotton  cloth    .^ 3 .  25 

Inner  layer  of  rubber    0.73 

Total  weight    10.48 

37  It  is  interesting  to  note  the  changes  which  this  type  has  under- 
gone since  the  first  one  was  built.  The  Jaune,  constructed  in  1902- 
1903,  was  pointed  at  the  rear  and  had  no  stability  plane  there;  later  it 
was  rounded  off  at  the  rear  and  a  fixed  horizontal  plane  attached. 
Finally  a  fixed  vertical  plane  was  added.  The  gas  bag  has  been  in- 
creased in  capacity  from806Y0  to  about  131 000  cu.  ft.  The  manufac- 
turers have  been  able  to  increase  the  strength  of  the  material  of  which 
the  gas  bag  is  made,  without  materially  increasing  the  weight.  The 
rudder  has  been  altered  somewhat  in  form.  It  was  first  pivoted  on 
its  front  edge,  but  later  on  a  vertical  axis,  somewhat  to  the  rear  of  this 
edge.  With  the  increase  in  size,  has  come  an  increase  in  carrying 
capacity  and  consequently  a  greater  speed  and  more  widely  extended 
field  of  action. 

THE  VILLE    DE   PARIS 

38  This  airship  was  constructed  for  Deutsch  de  la  Meurthe,  of 
Paris,  who  has  done  a  great  deal  to  encourage  aerial  navigation.     The 
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first  ViUe  de  Paris  was  built  in  1902,  on  plans  drawn  by  Tatin,  a 
French  aeronautical  engineer.  It  was  not  a  success.  Its  successor 
was  built  in  1906,  on  plans  of  Surcouf,  an  aeronautical  engineer 
and  balloon  builder.  The  gas  bag  was  built  at  his  works  in  Billan- 
court,  the  mechanical  part  at  the  Voisin  shop,  also  in  Billancourt. 
The  plans  are  based  on  those  of  Colonel  Renard's  airship,  the  France^ 
built  in  1884,  and  the  ViUe  de  Paris  resembles  the  older  airship  in 
many  particulars.  In  September  1907,  Mr.  Deutsch  offered  the  use 
of  his  airship  to  the  French  Government.  The  offer  was  accepted, 
but  delivery  was  not  to  be  made  except  in  case  of  war  or  emergency. 
When  the  Patrie  was  lost  in  November  1907,  the  military  authorities 
immediately  took  over  the  Deutsch  airship. 

39  Gas  Bag.  The  gas  bag  is  200  ft.  long  for  a  maximum  diameter 
of  34^  ft.,  giving  a  length  of  about  6  diameters,  as  in  the  France 
and  the  Patrie.  Volimie  112  847  cu.  ft.,  maximimi  diameter  at 
about  f  of  the  distance  from  the  front,  approximately,  as  in  the  Patrie. 
The  middle, section  is  cylindrical  with  conical  sections  in  front  and 
rear.  At  the  extreme  rear  is  a  cylindrical  section  with  eight  smaller 
cylinders  attached  to  it.  The  ballonet  has  a  volimie  of  21 192  cu. 
ft.,  or  about  |  of  the  whole  volume,  the  same  proportion  found  in 
the  Patrie.  The  ballonet  is  divided  into  three  compartments  from 
front  to  rear.  The  division  walls  are  of  permeable  cloth,  and  are  not 
fastened  to  the  bottom  so  that  when  the  middle  compartment  fills 
with  air,  and  the  ballonet  rises,  the  division  walls  are  lifted  up  from 
the  bottom  of  the  gas  bag,  and  there  is  free  commimication  between 
the  three  compartments.  The  gas  bagis  madeup  of  a  series  of  strips 
perpendicular  to  a  meridian  line.  These  strips  run  around  the  bag, 
their  ends  meeting  on  the  imder  meridian.  This  is  known  as  the 
"brachistode"  method  of  cutting  out  the  material,  and  has  the 
advantage  of  bringing  the  seams  parallel  to  the  line  of  greatest  ten- 
sion. They  are  therefore  more  likely  to  remain  tight  and  not  allow 
the  escape  of  gas.  The  disadvantage  lies  in  the  fact  that  there  is  a 
loss  of  33}  per  cent  of  material  in  cutting.  The  material  was  fur- 
nished by  the  Continental  Tire  Company,  and  has  approximately  the 
same  tensile  strength  and  weight  as  that  used  in  the  Patrie.  It 
differs  from  the  other  in  one  important  feature — it  is  diagonal-thread , 
that  is,  the  warp  of  the  outer  layer  of  cotton  cloth  makes  an  angle  of 
45  deg.  with  the  warp  of  the  inner  layer  of  cotton  cloth.  The  result 
is  to  localize  a  rip  or  tear  in  the  material.  A  tear  in  the  straight 
thread  material  will  continue  along  the  warp,  or  the  weave,  imtil  it 
reaches  a  seam. 
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40  Valves.  There  are  five  in  all,  made  of  steel,  about  fourteen 
inches  in  diameter;  one  on  the  top  connected  to  fche  car  by  a  cord,  oper- 
ated by  hand  only;  two  near  the  rear  underneath.  These  are  auto- 
matic but  can  be  operated  by  hand  from  the  car.  Two  ballonet 
valves  directly  under  the  middle  are  automatic  and  are  also  operated 
from  the  car  by  hand.  The  ballonet  valves  open  automatically  at  a 
pressure  of  §  in.  of  water,  the  gas  valves  open  at  a  higher  pressure. 

41  Suspension.  This  airship  has  the  "long"  suspension.  That 
is,  the  weight  is  distributed  along  practically  the  entire  length  of  the 
gas  bag.  A  doubled  band  of  heavy  canvas  is  sewn  with  six  rows  of 
stitches  along  the  side  of  the  gas  bag.  Hemp  ropes  running  into  steel 
cables  transmit  most  of  the  weight  of  the  car  to  these  two  canvas 
bands  and  thus  to  the  gas  bag.  On  both  sides  and  below  these  first 
bands  are  two  more.  Lines  run  from  these  to  points  half  way  between 
the  gas  bag  and  the  car,  then  radiate  from  these  points  to  different 
points  of  attachment  on  the  car.  This  gives  the  triangular  or  non- 
deformable  system  of  suspension,  which  is  necessary  in  order  to  have 
the  car  and  gas  bag  rigidly  attached  to  each  other.  With  this  "  long" 
suspension,  the  VUle  de  Paris  does  not  have  the  deformation  so  notice- 
able in  the  gas  bag  of  the  Patrie. 

42  The  Car.  This  is  in  the  form  of  a  trestle.  It  is  built  of  wood 
with  aluminum  joints  and  0.12  in.  wire  tension  members.  It  is  115 
ft.  long,  nearly  7  ft.  high  at  the  middle,  and  a  little  over  5^  ft.  wide 
at  the  middle.  It  weighs  660  lb.  and  is  considered  unnecessarily 
large  and  heavy.  The  engine  and  engineer  are  well  to  the  front,  the 
aeronaut  with  steering  wheels  is  about  at  the  center  of  gravity. 

43  Motor.  The  motor  is  a  70  to  75  h.p.  "  Argus,"  and  is  excep- 
tionally heavy. 

44  Propeller.  The  propeller  is  placed  at  the  front  end  of  the  car. 
It  thus  has  the  advantage  of  working  in  undisturbed  air;  the  disad- 
vantage is  the  long  transmission  and  difficulty  in  attaching  the  pro- 
peller rigidly.  It  has  two  blades  and  is  19.68  ft.  long  with  a  pitch  of 
26.24  ft.  The  blades  are  of  cedar  with  a  steel  arm.  The  propeller 
makes  a  maximum  of  250  turns  per  minute  when  the  engine  is  making 
900  rev.  Its  great  diameter  and  width  compensate  for  its  small 
speed. 

45  StabUUy.  This  is  maintained  entirely  by  the  cylinders  at  the 
rear.  Counting  the  larger  one  to  which  the  smaller  ones  are  attached, 
there  are  five,  arranged  side  by  side  corresponding  to  the  horizontal 
planes  of  the  Patrie,  and  five  vertical  ones  corresponding  to  the  Patrie' s 
vertical  planes.    The  volume  of  the  small  cylinders  is  so  calculated 
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that  the  gas  in  them  is  just  sufficient  to  lift  their  weight,  so  they  neither 
increase  or  decrease  the  ascensional  force  of  the  whole.  The  horizon- 
tal projection  of  these  cylinders  is  1076  sq.  ft.  The  center  of  this 
projection  is  72  ft.  from  the  center  of  gravity  of  the  gas.  The  great 
objection  to  this  method  of  obtaining  stability,  is  the  air  resistance 
due  to  these  cylinders,  and  tl:e  consequent  loss  of  speed.  The  stability 
of  the  Ville  de  Pan\^  in  a  vertical  plane  is  said  to  be  superior  to  that  of 
the  Palrie,  due  to  the  fact  that  the  stability  planes  of  the  latter  do 
not  always  remain  rigid.  The  independent  velocity  of  the  Ville 
de  Paris  probably  never  exceeded  25  miles  an  hour. 

46  I'he  Rudder,  The  rudder  has  a  double  surface  of  150  sq.  ft. 
placed  at  the  rear  end  of  the  car,  72  ft.  from  the  center  of  gravity.  It 
is  not  balanced,  but  is  inclined  slightly  to  the  rear  so  that  its  weight 
would  make  it  point  directly  to  the  rear  if  the  steering  gear  should 
break.  Two  pairs  of  movable  hbrizontal  planes,  one  at  the  rear  of  the 
car  having  43  sq.  ft.,  and  one  at  the  center  of  gravity  (as  on  the  Patrie) 
having  86  sq.  ft.,  serve  to  drive  the  airship  up  or  down  without  losing 
gas  or  ballast. 

47  Guide  Ropes.  A  400  ft.  guide  rope  is  attached  at  the  front  end 
of  the  car.  A  230  ft.  guide  rope  is  attached  to  the  car  at  the  center  of 
gravity. 

48  About  thirty  men  are  required  to  maneuver  the  Ville  de  Paris 
on  the  ground.  The  pilot  has  three  steering  wheels,  one  for  the 
rudder  and  two  for  the  movable  horizontal  planes.  The  instru- 
ments used  are  an  aneroid  barometer,  a  registering  barometer  giving 
heights  up  to  1600  ft.  and  an  ordinary  dynamometer  which  can  be 
connected  either  with  the  gas  bag  or  ballonet  by  turning  a  valve.  A 
double  column  of  water  is  also  connected  to  the  tube  to  act  as  a  check 
on  the  dynamometer.  Due  to  the  vibration  of  the  car  caused  by  the 
motor,  these  instruments  are  suspended  by  rubber  attachments. 
Even  with  this  arrangement,  it  is  necessary  to  steady  the  aneroid 
barometer  with  the  hand  in  order  to  read  it.  The  vibration  prevents 
the  use  of  the  statoscope. 

ENGLAND 
MILITARY   DIRIGIBLE   NO.    1 

49  The  gas  bag  of  this  airship  was  built  about  five  years  ago  by 
Colonel  Templar,  formerly  in  command  of  the  aeronautical  establish- 
ment at  Aldershot.  His  successor.  Colonel  Capper,  built  the  mechanical 
part  during  the  spring  and  summer  of  1907,  with  the  assistance  of  Mr. 
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S.  F.  Cody,  a  mechanical  engineer.  It  was  operated  by  Colonel  Capper 
as  pilot,  with  Mr.  Cody  in  charge  of  the  engine.  Several  ascents  were 
made  at  Aldershot.  In  October  1907,  they  made  a  trip  from  Alder- 
shot  to  London,  a  distance  of  about  40  miles,  landing  at  the  Crystal 
Palace.  For  several  days  the  rain  and  wind  prevented  attempting 
the  return  journey.  On  October  10  a  strong  wind  threatened  to 
carry  away  the  airship,  so  the  gas  bag  was  cut  open  by  the  sergeant 
in  charge. 

50  Gas  Bag.  This  is  made  of  eight  layers  of  gold  beater's  skin. 
It  is  cylindrical  in  shape  with  spherical  ends.  Volume  84  768  cu.  ft.; 
length  llli  ft.;  maximum  diameter,  31i  ft.  The  elongation  there- 
fore is  only  about  3§.  There  is  no  ballonet,  but  due  to  the  toughness 
of  the  gold  beater's  skin,  a  much  higher  pressure  can  safely  be  main- 
tained than  in  gas  bags  of  rubber  cloth.  Without  a  ballonet,  how- 
ever, it  would  not  be  safe  to  rise  to  the  heights  reached  by  the  Patrie. 

51  Valves.  The  valves  are  made  of  aluminum  and  are  about  12 
in.  in  diameter. 

52  Stispension.  In  this  airship  they  have  succeeded  in  obtaining 
a  "long"  suspension  with  a  short  boat-shaped  car,  a  combination 
very  much  to  be  desired,  as  it  distributes  the  weight  over  the  entire 
length  of  the  gas  bag  and  gives  the  best  form  of  car  for  purposes  of 
observation  and  for  maneuvering  on  the  ground.  To  obtain  this 
combination  they  have  had  to  construct  a  very  heavy  steel  frame- 
work which  cuts  down  materially  the  carrying  capacity,  and 
moreover,  this  framework  adds  greatly  to  the  air  resistance.  This 
is  the  only  airship  in  Europe  having  a  network  to  support  the  car. 
In  addition,  four  silk  bands  are  passed  over  the  gas  bag  and  wires 
run  from  their  extremities  down  to  the  steel  frame.  This  steel 
frame  is  in  two  tiers;  the  upper  is  rectangular  in  cross-section  and  sup- 
ports the  rudder  and  planes;  the  lower  part  is  triangular  in  cross-sec- 
tion and  supports  the  car.     The  joints  are. aluminum. 

53  The  Car.  This  is  of  steel  and  is  about  thirty  feet  long.  To 
reduce  air  resistance,  the  car  is  covered  with  cloth. 

54  Motor.  A  40  to  50  h.p.  8-cylinder  Antoinette  motor  is  used. 
It  is  set  up  on  top  of  the  car.  The  benzine  tanks  are  supported  above 
in  the  framework.     Gravity  feed  is  used. 

55  Propellers.  There  are  two  propellers,  one  on  each  side,  with 
two  blades  each,  as  in  the  Patrie.  They  are  made  of  aluminum,  10  ft. 
in  diameter,  and  make  700  r.p.m.     The  transmission  is  by  belt. 

56  Stability.  This  is  maintained  by  means  of  planes.  At  the  ex- 
treme rear  is  a  large  fixed  horizontal  plane.     In  front  of  this  is  a  pair  of 
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hinged  horizontal  planes.  Under  this  is  the  hexagonal  shaped  rudder. 
It  is  balanced.  Two  pairs  of  movable  horizontal  planes,  8  ft.  by  4  ft., 
each  placed  at  the  front,  serve  to  guide  the  airship  up  and  down, 
as  in  the  Pairie  and  Vilie  de  Paris.  These  planes  have  additional 
inclined  surfaces  which  are  intended  to  increase  the  stability  in  a 
vertical  plane.  All  these  planes,  both  fixed  and  movable,  are  con- 
structed like  kites,  of  silk  stretched  on  bamboo  frames.  The  guide 
rope  is  150  ft.  long.  Speed  attained,  about  16  miles  per  hour. 
This  airship  with  a  few  improvements  added  has  been  in  operation  the 
past  few  months.  The  steel  framework  connecting  the  gas  bag  to  the 
car  is  now  entirely  covered  with  canvas,  which  must  reduce  the  resist- 
ance of  the  sir  very  materially.  The  canvas  covering,  enclosing  the 
entire  bag,  serves  as  a  reinforcement  to  the  latter  and  at  the  same 
time  gives  attachment  to  the  suspension  underneath.  It  is  reported 
that  a  speed  of  20  miles  an  hour  has  been  attained  with  the  recon- 
structed airship. 

57  A  p3a'amidal  construction  similar  to  that  on  the  Patrie  has 
been  built  under  the  center  of  the  car  to  protect  the  car  and  propellers 
on  landing.  A  single  movable  horizontal  plane  placed  at  the  front 
end  of  the  car  and  operated  by  the  pilot,  controls  the  vertical  mo- 
tion. 

GERMANY 

58  Three  different  types  of  airships  are  being  developed  in  Ger- 
many. The  Gross  is  the  design  of  Major  Von  Gross,  who  commands 
the  Balloon  Battalion  at  Tegel  near  Berlin.  The  Parseval  is  being 
developed  by  Major  Von  Parseval,  a  retired  German  Officer,  and  the 
Zeppelin  is  the  design  of  Count  Zeppelin,  also  a  retired  officer  of  the 
German  Army. 

THE   GROSS 

59  The  first  airship  of  this  type  made  its  first  ascension  on  July 
23,  1907.  The  mechanical  part  was  built  at  Siemen's  Electrical 
Works  in  Berlin;  the  gas  bag  by  the  Riedinger  firm  }n  Augsburg. 

60  Gas  Bag.  The  gas  bag  is  made  of  rubber  cloth  furnished  by 
the  Continental  Tire  Company,  similar  to  that  used  in  the  Ville  de 
Paris.  It  is  diagonal-thread,  but  there  is  no  inner  layer  of  rubber, 
as  they  do  not  fear  damage  from  impurities  in  the  hydrogen  gas. 
Length,  13 1^  ft. ;  maximum  diameter,  about  39^  ft. ;  volume  63  676 
cu.  ft.;  elongation^  about  3^.  The  form  cylindrical  with  spherical 
cones  at  the  ends,  the  whole  being  symmetrioaL 


Digitized  by  VjOOQIC 


PRESENT  STATUS   OP  MILITARY   AERONAUTICS  663 

61  Suspension.  The  suspension  is  practically  the  same  as  that 
of  the  Patrie.  A  steel  and  aluminum  frame  is  attached  to  the  lower 
part  of  the  gas  bag,  .and  the  car  is  suspended  on  this  by  steel  cables. 
The  objection  to  this  S3rstem  is  even  more  apparent  in  the  Oroaa  than 
in  the  Patrie.  A  marked  dip  along  the  upper  meridian  of  the  gas 
bag  shows  plainly  the  deformation. 

62  The  Car.  The  car  is  boat-shaped  like  that  of  the  Patrie.  It  is 
suspended  thirteen  feet  below  the  gas  bag. 

63  Motor.  The  motor  is  a  20  to  24  h.p.,  4-cylinder  ''Daimler- 
Mercedes.'' 

64  Propellers.  There  are  two  propellers  8^  ft.  in  diameter, 
each  haying  two  blades.  They  are  placed  one  on  each  side,  but  well 
up  under  the  gas  bag  near  the  center  of  resistance.  The  transmission 
is  by  belt.    The  propellers  make  800  r.p.m. 

65  Stability.  The  same  system,  with  planes,  is  used  in  the  Von 
Gross  as  in  the  Pcttrie,  but  it  is  not  nearly  so  well  developed.  At  the 
rear  of  the  rigid  frame  attached  to  the  gas  bag,  are  two  fixed  horizon- 
tal planes,  one  on  each  side.  A  fixed  vertical  plane  runs  down  from 
between  these  horizontal  planes,  and  is  terminated  at  the  rear  by  the 
rudder.  A  fixed  horizontal  plane  is  attached  on  the  rear  of  the  gas 
bag  as  in  the  Patrie.  The  method  of  attachment  is  the  same,  but  the 
plane  is  put  on  before  inflation  in  the  Gross  airship,  afterwards  in 
the  Patrie.  The  stability  of  the  Gross  airship  in  a  vertical  plane  is 
reported  to  be  very  good,  but  it .  is  said  to  veer  considerably  in 
attempting  to  steer  a  straight  course. 

66  The  many  points  of  resemblance  between  this  dirigible  and 
the  Lebaudy  type  are  worthy  of  notice.  The  suspension  or  means  of 
maintaining  stability,  and  the  disposition  for  driving,  are  in  general 
the  same.  As  first  built,  the  Oross  had  a  volume  of  14  128  cu.  ft.  less 
than  at  present,  and  there  was  no  horizontal  plane  at  the  rear  of  the 
gas  bag.  Its  maximum  speed  is  probably  fifteen  miles  per  hour.  As 
a  result  of  his  experiments  of  1907,  Major  Von  Gross  has  this  year 
produced  a  perfected  airship  built  on  the  same  lines  as  his  first, 
but  with  greatly  increased  volume  and  dimensions.  The  latest 
one  has  a  volume  of  176  000  cu.  ft.,  is  driven  by  two  76  h.p.  Daimler 
motors,  and  has  a  speed  of  27  miles  per  hour. 

67  On  September  11,  1908,  the  Gross  airship  left  Berlin  at 
10.26  p.m.,  carrying  four  passengers,  and  returned  the  next  day  at 
11.30  a.m.,  having  covered  176  miles  in  the  period  of  a  little  over  13 
hours.  This  is  the  longest  trip,  both  in  points  of  time  and  distance, 
ever  made  by  any  airship  returning  to  the  starting  point. 
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THE   PARSEVAL 

68  The  Parseval  airship  is  owned  and  controlled  by  the  Society  for 
the  Study  of  Motor  Balloons.  This  organization,  composed  of  capi- 
talists, was  formed  practically  at  the  command  of  the  Emperor  who 
is  very  much  interested  in  aerial  navigation.  The  sodety  has  a  cap- 
ital of  1  000  000  marks,  owns  the  Parseval  patents  and  is  ready  to  con- 
struct ail-ships  of  the  Parseval  type.  The  present  airship  was  con- 
structed by  the  Riedinger  firm  at  Augsburg,  and  is  operated  from 
the  balloon  house  of  this  society  at  Tegel,adjoiningthe  military  balloon 
house. 

69  The  gas  bag  is  similar  in  construction  to  that  of  the  "  Dracfien" 
balloon,  used  by  the  army  for  captive  work.  Volume,  113  000  cu.  ft., 
length  190  ft.,  maximum  diameter  30^  ft.  It  is  cylindrical  in  shape, 
rounded  at  the  front  end  and  pointed  at  the  rear.  The  material  was 
furnished  by  the  Continental  Tire  Company.  It  is  diagonal-thread, 
weighing  about  11^^  oz.  per  sq.  yd.  and  having  a  strength  of  about 
940  lb.  per  running  foot.  Its  inner  surface  is  covered  with  a  layer  of 
rubber. 

70  Balionets.  There  are  two  ballonets,  one  at  each  end,  each 
having  a  capacity  of  10  596  cu.  ft.  The  material  in  the  ballonet 
weighs  about  8{  oz.  per  sq.  yd.,  the  cotton  layers  being  lighter  than 
in  the  material  for  the  gas  bag.  Air  is  pumped  into  the  rear  ballonet 
before  leaving  the  ground,  so  that  the  airship  operates  with  the  front 
end  inclined  upward.  The  air  striking  underneath  exerts  an  upward 
pressure,  as  on  an  aeroplane,  and  thus  adds  to  its  lifting  capacity. 
Air  is  pumped  into  the  ballonets  from  a  fan  operated  by  the  motor. 
A  complex  valve  just  under  the  middle  of  the  gas  bag  enables  the 
engineer  to  drive  air  into  either,  or  both  ballonets.  The  valves  also 
act  automatically  and  release  air  from  the  ballonets  at  a  pressure  of 
about  0.9  in.  of  water. 

71  In  the  middle  of  the  top  of  the  gas  bag,  is  a  valve  for  releas- 
the  gas.  It  can  be  operated  from  the  car,  and  opens  automatically 
at  a  pressure  of  about  2  in.  of  water.  Near  the  two  ends  and  on 
opposite  sides,  are  two  rip  strips  controlled  from  the  car  by  cords. 

72  Suspension,  The  suspension  is  one  of  the  characteristics  of  the 
airship  and  is  protected  by  patents.  The  car  has  four  trolleys,  two 
on  each  side,  which  run  on  two  steel  cables.  The  car  can  run  back- 
wards and  forwards  on  these  cables,  thus  changing  its  position  with 
relation  to  the  gas  bag.  This  is  called  "loose*'  suspension.  Its 
object  is  to  allow  the  car  to  take  up,  automatically,  variations  in 
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thrust  due  to  the  motor,  and  variations  in  resistance  due  to  the  air. 
Ramifications  of  hemp  rope  from  these  steel  cables  are  sewn  to  a 
canvas  strip  which  in  turn  is  sewn  to  the  gas  bag.  This  part  of  the 
suspension  is  the  same  as  in  the  Drachen  balloon.  The  weight  is  dis- 
tributed over  the  entire  length  of  the  gas  bag. 

73  The  Car.  The  car  is  16.4  ft.  long  and  is  built  of  steel  tubes  and 
wire.  It  is  large  enough  to  hold  the  motor  and  three  men,  though 
four  or  five  may  be  taken. 

74  Motor.  The  motor  is  a  110  h.p.  Daimler-Mercedes.  Suf- 
'ficient  gasolene  is  carried  for  a  run  of  12  hours. 

76  Propeller.  The  propeller,  like  the  suspension,  is  peculiar  to 
this  airship  and  is  protected  by  patents.  It  has  four  cloth  blades 
which  hang  limp  when  not  turning.  When  the  motor  is  running, 
these  blades,  which  are  carefully  weighted  with  lead  at  certain 
points,  assume  the  proper  position  due  to  the  various  forces  acting. 
The  diameter  is  ISJ  ft.  The  propeller  is  placed  above  the  rear  of 
the  car  near  the  center  of  resistance.  Shaft  transmission  is  used. 
The  propeller  makes  600  r.p.m.  to  1000  of  the  motor.  There  is  a  space 
of  6i  ft.  from  the  propeller  blades  to  the  gas  bag,  the  bottom  of  the  car 
being  about  30  ft.  from  the  gas  bag.  This  propeller  has  the  advan 
tage  of  being  very  Ught.  Its  position,  so  far  from  the  engine,  neces- 
sarily incurs  a  great  loss  of  power  in  transmission. 

76  The  steering  wheel,  at  the  front  of  the  car,  has  a  spring  device 
for  locking  it  in  any  position. 

77  The  1908  model  of  this  airship  was  constructed  for  the  purpose 
of  selling  it  to  the  Government.  Among  other  requirements  is  a  12 
hour  flight  without  landing,  and  a  sufficient  speed  to  maneuver  against 
a  22-mile  wind.  A  third  and  larger  airship  of  this  type  is  now  under 
construction. 

THE   ZEPPELIN 

78  The  Zeppelin  airship,  of  which  there  have  been  four,  differs 
from  all  others  in  that  the  envelope  is  rigid.  Sixteen  separate  gas 
bags  are  contained  in  an  aluminum  alloy  framework  having  16  sides, 
covered  with  a  cotton  and  rubber  fabric.  The  pressure  of  the  air  is 
taken  up  by  this  framework  instead  of  by  the  gas  bags.  The  gas  bags 
are  not  entirely  filled,  thus  leaving  room  for  expansion. 

79  The  rigid  frame  is  446  ft.  long,  42A  ft.  in  diameter,  and  has 
ogival-shaped  ends.  It  is  braced  about  every  45  ft.  by  a  number  of 
rods  crossing  near  the  center,  giving  a  cross  section  resembling  a 
bicycle  wheel.     Vertical  braces  are  placed  at  intervals  the  entire 
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length  of  the  frame.  The  16  gas  bags  are  completely  separated  from 
each  other  by  partitions  of  sheet  aluminum.  Under  the  framework  is 
a  triangular  truss  running  nearly  the  entire  length,  the  sides  of  the 
triangle  being  about  8  ft.  The  total  volume  of  the  gas  bags  is  460  000 
cu.  ft.  which  gives  a  gross  lift  of  about  32  000  lb. 

80  Suspension.  The  two  cars  are  rigidly  attached  directly  to 
the  frame  of  the  envelope,  and  a  very  short  distance  below  it. 

81  Cars.  The  two  cars  are  built  like  boats.  They  are  about  20 
ft.  long,  6  ft.  wide,  3^  ft.  high;  are  placed  about  100  ft.  from  each  end 
and  are  made  of  the  same  aluminum  alloy.  To  land  the  airship,  it  isf 
lowered  until  the  cars  float  on  the  water,  when  it  can  be  towed  like  a 
ship.  A  third  car  is  built  into  the  keel  directly  imder  the  center  of  the 
framework,  and  is  for  passengers  only. 

82  Motors.  The  power  is  furnished  by  two  110  h.p.  Daimler- 
Mercedes  motors,  one  placed  on  each  car.  Each  weighs  about  550 
lb. ;  sufficient  fuel  for  a  60  hours  nm  can  be  carried. 

83  Propellers.  A  pair  of  three-bladed  metal  propellers  about  15 
ft.  in  diameter  is  placed  opposite  each  car,  firmly  attached  to  the 
frame  of  the  envelope  at  the  height  of  the  center  of  resistance  where 
they  are  most  efficient. 

84  Stability.  In  addition  to  the  long  V-shaped  keel  under  the 
rigid  frame,  on  each  side  at  the  rear  of  the  frame  are  two  nearly 
horizontal  planes,  while  above  and  below  the  rear  end  are  vertical 
fins. 

85  Steering.  A  large  vertical  rudder  is  attached  at  the  extreme 
end  of  the  rigid  frame,  and  an  additional  one  is  placed  between  each 
set  of  horizontal  planes  on  the  sides.  For  vertical  steering,  there  are 
four  sets  of  movable  horizontal  planes  placed  near  the  ends  of  the 
rigid  frame,  about  the  height  of  the  propellers.  Each  set  consists  of 
four  horizontal  planes  placed  one  above  the  other  and  connected  with 
rods,  so  that  they  work  on  the  principle  of  a  shutter.  These  horizon- 
tal rudders  serve  another  very  important  purpose,  due  to  the  reac- 
tion of  the  air.  When  these  planes  are  set  at  an  angle  of  15  deg.  and 
the  airship  is  making  a  speed  of  35  miles  per  hour,  an  upward  pressure 
of  over  1700  lb.  is  exerted,  and  consequently  all  the  gas  in  one  compart* 
ment  could  escape  and  yet  by  the  manipulation  of  these  planes,  the 
airship  could  return  safely  to  its  starting  point. 

86  Its  best  performances  were  two  long  trips  made  during  the 
past  summer.  The  first,  July  4,  lasted  exactly  twelve  hours,  during 
which  time  it  covered  a  distance  of  235  miles,  crossing  the  mountains 
to  Lucerne  and  Zurich,  and  returning  to  the  balloon  house  at  Fried- 
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richshafen  on  Lake  Constance.  The  average  speed  on  this  trip  was 
32  miles  per  hour.  On  August  4  this  airship  attempted  a  24-hour 
flight,  which  was  one  of  the  requirements  made  for  its  acceptance  by 
the  Government.  It  left  Friedrichshafen  in  the  morning  with  the 
intention  of  following  the  Rhine  as  far  as  Mainz,  and  then  returning  to 
its  starting  point  straight  across  the  country.  A  stop  of  4  hours  and 
30  minutes  was  made  in  the  afternoon  of  the  first  day  on  the  Rhine,  to 
repair  the  engine.  On  the  return,  a  second  stop  was  foimd  necessary 
near  Stuttgart,  due  to  difficulties  with  the  motors  and  the  loss  of  gas. 
While  anchored  to  the  ground  a  storm  came  up,  and  broke  loose  the 
anchorages;  and  as  the  balloon  rose  in  the  air  it  exploded  and  took 
fire,  due  to  causes  which  have  never  been  actually  determined  and 
published,  and  fell  to  the  ground,  resulting  in  its  complete  destruction. 
On  this  journey,  which  lasted  in  all  31  hours  and  15  minutes,  the 
airship  was  in  the  air  20  hours  and  45  minutes,  and  covered  a  total 
distance  of  378  miles. 

87  The  patriotism  of  the  German  nation  was  aroused.  Subscrip- 
tions were  immediately  opened  and  in  a  short  space  of  time  $1  000  000 
had  been  raised.  A  Zeppelin  Society  was  formed  to  direct  the  expend- 
iture of  this  fund.  $85  000  has  been  expended  for  land  near  Fried- 
richshafen; shops  are  being  constructed  and  it  has  been  announced 
that  within  one  year,  the  construction  of  8  airships  of  the  Zeppelin 
type  will  be  completed.  Recently  the  Crown  Prince  of  Germany  made 
a  trip  in  the  Zeppelin  No.  S,  which  had  been  called  back  into  service, 
and  witliin  a  very  few  days  the  Emperor  of  Germany  visited 
Friedrichshafen  for  the  purpose  of  seeing  the  airship  in  ffight.  He 
decorated  Coimt  Zeppelin  with  the  Order  of  the  Black  Eagle.  Ger- 
man patriotism  and  enthusiasm  has  gone  further,  and  the  "German 
Association  for  an  Aerial  Fleet"  has  been  organized  in  sections  through- 
out the  country.  It  announces  its  intention  of  building  fifty  garages 
(hangars)  for  housing  airships. 

THE  UNITED  STATES 

SIGNAL  CORPS  DIRIQIBLB  NO.    1 

88  Due  to  lack  of  funds,  the  United  States  Government  has  not 
been  able  to  undertake  the  construction  of  an  airship  sufficiently 
large  and  powerful  to  compete  with  those  of  European  nations. 
However,  specifications  were  sent  out  last  January  for  an  airship  not 
over  120  ft.  long  and  capable  of  making  20  miles  per  hour.    Contract 
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was  awarded  to  Capt.  Thomas  S.  Baldwin,  who  delivered  an  airship 
last  August  to  the  Signal  Corps,  the  description  of  which  follows: 

89  Gas  Bag.  The  gas  bag  is  spindle  shaped,  96  ft.  long,  maxi- 
mum diameter  19  ft.  6  in.  with  a  volume  of  20  000  cu.  ft.  A  ballonet 
for  air  is  provided  inside  the  gas  bag,  and  has  a  volume  of  2800  cu.  ft. 
The  material  for  the  gas  bag  is  made  of  two  layers  of  Japanese  silk, 
with  a  layer  of  vulcanized  rubber  between. 

90  Car.  The  car  is  made  of  spruce,  and  is  66  ft.  long,  2^  ft. 
wide,  and  2^  ft.  high. 

91  Motor.    The  motor  is  a  20  h.p.  water-cooled  Curtiss  make. 

92  Propeller.  The  propeller  is  at  the  front  end  of  the  car,  and  is 
connected  to  the  engine  by  a  steel  shaft.  It  is  built  up  of  spruce, 
has  a  diameter  of  10  ft.  8  in.  with  a  pitch  of  11  ft.,  and  turns  at  the  rate 
of  450  r.p.m.  A  fixed  vertical  surface  is  provided  at  the  rear  end  of 
the  car  to  minimize  veering,  and  a  horizontal  surface  attached  to 
the  vertical  rudder  at  the  rear  tends  to  minimize  pitching.  A  double 
horizontal  surface  controlled  by  a  lever  and  attached  to  the  car  in 
front  of  the  engine,  serves  to  control  the  vertical  motion  and  also  to 
minimize  pitching. 

93  The  position  of  the  car  very  near  to  the  gas  bag,  is  one  of  the 
features  of  the  Government  dirigible.  This  reduces  the  length  and 
consequently  the  resistance  of  the  suspension,  and  places  the  pro- 
peller thrust  near  the  center  of  resistance. 

94  The  total  lifting  power  of  this  airship  is  1350  lb.  of  which  500 
lb.  are  available  for  passengers,  ballast,  fuel,  etc.  At  its  official 
trials  a  speed  of  19.61  miles  per  hour  was  attained  over  a  measured 
course,  and  during  an  endurance  run  lasting  2  hours,  70  per  cent  of 
the  maximum  speed  was  maintained. 

95  Dirigible  No.  1,  as  this  airship  has  been  named,  has  already 
served  a  very  important  purporse  in  initiating  officers  of  the  Signal 
Corps  in  the  construction  and  operation  of  a  dirigible  balloon.  With 
the  experience  now  acquired,  the  United  States  Government  is  in  a 
position  to  proceed  with  the  construction  and  operation  of  an  air- 
ship worthy  of  comparison  with  any  now  in  existence,  but  any  efforts 
in  this  direction  must  await  the  action  of  Congress  in  providing  the 
necessary  funds. 

BALLOON   PLANT   AT  FORT  OMAHA,    NEBRASKA 

96  In  anticipation  of  taking  up  the  subject  of  aeronautics  on  a 
scale  commensurate  with  its  importance,  a  complete  plant  has  been 
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constructed  at  the  Signal  Corps  post  at  Fort  Omaha,  Nebraska. 
This  plant  comprises  a  steel  balloon  house  200  ft.  long,  84  ft.  wide, 
and  75  ft.  high;  that  is,  large  enough  to  house  a  dirigible  balloon  of 
the  size  of  the  new  French  Military  Airship  Repvblique.  For 
furnishing  hydrogen  gas,  an  electrolytic  plant  has  been  installed 
capable  of  furnishing  3000  cu.  ft.  of  gas  per  hour.  A  gasometer 
of  50  000  cu.  ft.  capacity  has  been  provided  to  store  a  sufl5cient 
supply  of  gas  for  emergencies. 

97  In  connection  with  the  hydrogen  plant,  is  a  compressor  for 
charging  under  pressure  the  steel  tubes  in  which  the  gas  is  transported. 
A  hydraulic  pump  for  testing  steel  tubes  at  high  pressure  is  a  part  of 
this  equipment.  A  steel  wireless  telegraph  tower  200  ft.  high  has 
been  completed,  and  probably  will  be  used  in  connection  with  wire- 
less experiments  with  dirigible  balloons. 

Some  General  Considerations  Which  Govern  the  Design  of 
A  Dirigible  Balloon 

BUOYANCY   AND   SHAPE 

98  Although  many  aerodynamic  data  are  needed  for  the  proper 
design  of  a  dirigible  airship,  yet  the  experience  already  available  in 
the  construction  and  performance  of  such  ships  built  on  different 
plans  is  sufl5cient  to  enable  the  engineer  to  proceed  with  the  design 
of  a  dirigible  balloon  to  accomplish  definite  results  along  fairly  accur- 
ate lines.  In  the  case  of  this  class  of  lighter-than-air  ships  the 
following  general  equation  obtains: 

W  -w^V  (a^-^\  (1) 

where 

W   =  weight  of  balloon,  envelope,  car,  and  aeronauts 
V    =  volume  of  balloon 
a      =  density  of  the  air 
n     =  density  of  air  as  compared  with  gas 
w     =  weight  of  air  displaced   by  car   and   aeronauts   and 
envelope  of  balloon. 

99  If  we  call  the  weight  of  the  gas^in  the^balloon  Af ,  then  we  can 
write  this  equation  in  the  following  manner: 

W  +  M  -^  w  -^  nM 
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from  which  we  find  that 

n  —  1 
and 

^-r-7--")(.-^:) 

thus  obtaining  the  volume  of  gas  required.  If  the  volume  of  the 
gas-bag,  car,  aeronauts,  etc. »  v,  then  w  ^va;  ao  that  (3)  may  be 
written 

100  Thus  far,  certainly,  no  dirigible  balloon  has  ever  been  de- 
veloped which  has  attained  an  independent  speed  greater  than  40 
miles  per  hour.  It  will  readily  be  admitted  that  an  airship  so  designed 
as  to  reach  a  speed  of  50  or  60  miles  per  hour  would  be  regarded  as  a 
most  decided  step  forward  in  the  art,  since  this  difference  of  velocity 
is  just  the  increment  needed  to  place  such  craft  on  a  practical  basis 
capable  of  maneuvering  in  the  air  in  all  ordinary  weather.  This 
advancement,  although  requiring  much  consideration,  would  fully 
compensate  in  practical  results. 

101  The  first  point  to  be  decided  upon  in  the  design  of  an  airship 
is  the  method  of  maintaining  the  shape  of  the  gas-bag  against  the 
pressure  encountered  at  the  maximum  velocity  to  be  attained. 
There  are  two  schools  of  design  in  this  respect,  each  having  its 
adherents.  One  maintains  the  shape  of  the  gas-bag  by  a  rigid 
interior  frame,  and  the  other  by  means  of  the  internal  pressure  of 
the  gas  itself. 

102  Upon  the  selection  of  the  type  depends  to  a  large  extent  the 
particular  shape  of  the  envelope.  If  the  envelope  is  to  mcdntain  its 
shape  by  interior  pressure  of  gas,  evidently  it  must  be  so  designed 
that  the  maximum  pressure  of  the  air  developed  at  the  speed  contem- 
plated shall  not  be  sufficient  to  cause  deformation  of  any  part  of  the 
envelope.  This  can  be  effected  only  by  making  the  imiform  internal 
pressure  at  least  equal  to  the  maximum  external  pressure.  Since  the 
maximum  external  pressure  occurs  over  the  prow  of  the  air-ship,  this 
evidently  is  the  particular  part  which  must  receive  most  careful  atten- 
tion with  this  system. 

103  The  desirable  shape  of  head  would  evidently  be  one  where 
the  distribution  of  external  pressure  due  to  air  resistance  at  the 
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velocity  used  is  uniform.  In  addition  to  preventing  deformation  of 
the  gas-bag,  a  prime  requisite  also  is  that  the  shape  shall  be  such  that 
the  total  resistance,  comprising  head  resistance  and  skin-friction, 
shall  be  a  minimum  for  a  given  displacement  and  velocity. 

104  This  immediately  forces  the  question  of  the  law  of  resistance 
of  the  air.  On  this  subject  there  are  numerous  aerodynamic  data 
for  low  velocities,  and  also  for  very  high  velocities,  but  such  data  are 
incomplete  for  the  range  of  velocities  here  considered. 

105  In  fact,  the  law  of  resistance  of  the  air  for  surfaces  of  revo- 
lution, as  experimentally  determined,  is  known  to  vary  not  with  any 
constant  power  of  the  velocity,  but  by  a  range  of  exponents  from  the 
first  to  the  cube,  if  not  higher.  For  example,  in  the  enormous  veloci- 
ties attained  by  modern  artillery,  where  bodies  weighing  a  ton  or 
more,  are  hurled  through  the  air  at  2000  ft.  per  second,  it  is  known 
that  the  physical  phenomena  become  entirely  different  in  nature 
from  those  found  when  dealing  with  moderate  velocities  such  as  are 
met  in  transportation  devices. 

RESISTANCE  OF  THE    AIR  TO  THE  MOTION  OP   A   PROJECTILE 

106  In  the  expression  for  the  retardation  of  oblong  projectiles 
the  velocity  enters  with  an  exponent,  n,  whose  accepted  values  are 
as   follows: 

Ft.  per  second  Miles  per  hour 

n  =  1 .  55  for  velocities  greater  than  2600  =  1773 

n  =  1 .7   for  velocities  between 2600  and  1800  =  1773  and  1227 

n  =  2.      for  velocities  between 1800  and  1370  =  1227  and    934 

n  =  3.      for  velocities  between 1370  and  1230  ==    934  and    836 

n  =  5.      for  velocities  between 1230  and    970  =    836  and    639 

n  -3.      for  velocities  between 970  and    790  =«    639  and    592 

n  =  2 .      for  velocities  less  than  . . .  790  «  692 

107  14-in.  and  16-in.  Guns.  The  14-in.  guns  fire  a  projectile 
weighing  1660  lb.  Service  muzzle  velocity  2150  f.  s.,  which  gives 
with  an  elevation  of  15  deg.  a  range  of  15  000  yds. 

108  The  16-in.  guns  fire  a  projectile  weighing  2400  lb.  The 
service  muzzle  velocity  is  2150  f.  s.,  or  1465  miles  per  hour,  which 
gives,  for  an  elevation  of  15  deg.,  a  range  of  16  558  yd.,  or  nearly  9 
miles. 

ANALOGY   TO   THE    AIRSHIP 

109  Great  guns  are  now  constructed  which  throw  masses  of  steel 
weighing  as  high  as  2400  lb.  to  maximum  distances  approximating 
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15  to  20  miles,  and  with  such  high  momentum  that  ordinary  winds 
have  little  effect,  as  shown  by  the  remarkable  target  practice  of  the 
army  and  navy.  The  shapes  of  these  heavier-than-air  flying 
machines  are  figures  of  revolution,  and  the  longitudinal  and  lateral 
stability  are  maintained  by  imparting  to  the  projectile  a  rotary 
motion  about  its  longer  axis  by  means  of  the  rifling  inside  the  bore 
of  the  gun.  Such  machines  are  6000  or  6000  times  heavier  than 
air  and  travel  at  speeds  far  beyond  any  other  engine  constructed  by 
man.  No  peripheral  speeds  attained  with  any  machinery  approach 
these  velocities. 

110  It  is  noted  that  these  projectile  air-machines  have  a  mass 
two  and  a  half  times  that  of  the  Wright  aeroplane,  and  attain  a 
velocity  through  the  air  thirty-six  times  as  great. 

111  It  thus  appears  that  the  resistance  of  the  air  to  the  motion 
of  bodies  through  it  is  in  reaUty  a  compUcated  function  of  the  velocity, 
and  the  best  that  can  be  said  is  that  this  velocity  varies  as  a  constant 
power  only  within  certain  limited  ranges.  In  the  velocities  con- 
sidered for  airships,  it  is  approximate  to  regard  the  resistance  as  vary- 
ing as  the  square. 

112  As  the  velocity  increases  the  form  of  the  head  becomes  more 
and  more  important,  and  moderate  velocities  lead  to  a  shape  approxi- 
mating torpedo  form,  which  is  well  known.  In  very  high  speed  pro- 
jectiles the  shape  of  the  rear  is  not  so  important,  since  the  velocity 
is  so  much  greater  than  the  velocity  of  soimd  in  air,  that  a  partial 
vacuum  is  formed  behind  the  projectile  which  cannot  well  be  obviated. 

113  If  the  rigid  system  be  employed  where  an  internal  frame  pre- 
vents deformation  of  the  envelope,  the  stresses  due  to  external  pres- 
sure are  taken  up  by  the  framework  itself,  and  the  gas  required  for 
flotation  is  usually  contained  in  several  separate  receptacles  or 
ballonets  similar  to  compartments  employed  in  ships.  In  this 
system,  therefore,  we  are  concerned  only  in  securing  such  a  shape  of 
the  rigid  frame  as  will  fulfill  the  condition  of  minimum  total  resistance 
for  a  given  displacement  and  velocity. 

114  Once  the  shape  of  the  bag  is  determined  from  the  considera- 
tions already  enumerated,  the  dimensions  become  immediately  fixed 
when  the  tonnage  is  assumed,  or  conversely,  if  any  linear  dimension 
is  assigned  the  tonnage  is  thereby  determined. 

115  In  addition  to  the  two  general  systems  above  considered, 
there  are  various  types  involving  some  of  the  principles  of  each, 
which  are  classed  in  general  as  semi-rigid  systems.  Such  systems 
usually  comprise  a  rigid  frame,  to  which  is  attached  the  gas-bag  above, 
and  the  load  below. 
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AERODYNAMIC    ADJUSTMENTS 

116  The  next  step  is  one  of  structural  design  along  strictly  engi- 
neering lines.  The  aerodynamic  features  of  airship  construction 
may  be  considered  under  the  heads:  (a)  static  balance;  (b)  dynamic 
balance;  (c)  stability;  (d)  natural  period  and  oscillation. 

117  Static  Balance.  The  dimensions  of  the  gas-bag  being  deter- 
mined, the  lift  of  each  transverse  segment  thereof  is  immediately 
known,  and  the  design  of  the  frame  may  proceed  by  approximate 
trial  and  correction  as  in  other  structural  work.  The  weight  of  each 
segment  of  the  envelope  itself  is  readily  computed,  which  added  to 
the  corresponding  segment  of  the  frame,  gives  the  total  weight  of 
each  segment,  and  this  total  subtracted  from  the  lift  of  each  segment 
gives  the  net  lift  for  that  complete  segment.  From  the  magnitude 
and  position  of  these  net  forces  the  position  of  the  resultant  lift  is 
known,  and  this  determines  the  vertical  line  through  the  center  of 
gravity.  Such  procedure  evidently  insures  static  balance  of  the 
machine  as  a  whole,  and  an  approximate  distribution  of  the  load. 

118  Dynamic  Balance.  The  dynamic  balance  must  also  be  care- 
fully considered;  and  her6  a  difficulty  has  been  experienced  on  account 
of  the  inability  to  place  the  resultant  thrust  coincident  with  the  line 
of  resistance  of  the  ship  as  a  whole.  Heretofore,  it  has  been  custo- 
mary to  balance  the  thrust-resistance  couple  by  means  of  suitable 
horizontal  rudders  or  planes,  so  situated  and  at  such  angles,  that  the 
resultant  moment  of  the  system  should  be  zero  at  uniform  speeds  of 
travel,  though  not  necessarily  zero  for  accelerated  motion. 

119  If,  however,  the  line  of  thrust  be  made  coincident  with  the 
line  of  resistance,  the  disturbing  moment  in  question  will  be  eliminated 
at  uniform  speeds.  If,  furthermore,  the  center  of  mass  be  located 
on  the  line  of  thrust  and  sufficiently  forward  to  form  a  righting  couple 
with  the  resistance  when  the  wind  suddenly  veers,  the  evil  effects 
of  a  disturbing  moment  will  be  obviated  for  variable  as  well  as  for 
constant  speeds.    The  ship  is  then  dynamically  balanced. 

120  This,  of  course,  requires  that  the  form  of  hull  be  such  that  a 
quartering  wind  shall  exert  a  force  passing  to  the  rear  of  the  center 
of  mass.  To  illustrate,  a  good  example  of  dynamic  balance  is  found 
in  a  submarine  torpedo,  or  a  fish. 

121  Stability.  The  foregoing  adjustments  still  allow  the  center 
of  mass  to  be  placed  balow  the  center  of  buoyancy.  This  is  a  provi- 
sion that  is  important  in  aeronautics^-as  well  as  in  marine  archi- 
tecture, indeed  it  is  the  onl}/  practical  provision  for  keeping  an  even 
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keel  and  preventing  heeling  when  the  ship  is  at  rest,  or  simply  drifting 
with  the  wind.  If  the  center  of  gravity  be  well  below  the  center  of 
buoyancy,  the  vessel  is  proportionately  stable,  but,  of  course,  the 
st:;bility  is  pendular,  and  may  admit  of  considerable  rolling  and  pitch- 
ing due  to  shifting  loads,  sudden  gusts  of  wind,  etc.,  unless  special 
devices  be  used  to  dampen  or  prevent  these  effects. 

122  Natural  Period  and  Oscillation.  It  may  happen  also  that 
the  equilibrium  of  the  ship  is  disturbed  by  periodic  forces  whose 
periods  are  simply  related  to  the  natural  period  of  the  ship  itself. 
In  this  case  the  oscillations  will  be  cumulative  and  may  become  very 
large.  Such  effects  are  well  known  to  marine  engineers,  and  may  be 
treated  as  in  ordinary  ship  design. 

AVIATION 

123  This  division  comprises  all  those  forms  of  heavier-than-air 
flying  machines  which  depend  for  their  support  upon  the  dynamic 
reaction  of  the  atmosphere.  There  are  several  subdivisions  of  this 
class  dependent  upon  the  particular  principle  of  operation.  Among 
these  may  be  mentioned  the  aeroplane,  orthopter,  helicopter,  etc. 
The  only  one  of  these  that  has  been  sufficiently  developed  at  present 
to  carry  a  man  in  practical  flight  is  the  aeroplane.  There  have  been 
a  large  number  of  t3rpes  of  aeroplanes  tested  with  more  or  less  suc- 
cess and  of  these  the  following  are  selected  for  illustration. 

Reprebbntatevb  Abroplanbs  of  Various  Tyfbs 

THE   WRIGHT  BROTHERS'    AEROPLANE 

124  The  general  conditions  under  which  the  Wright  machine  was 
built  for  the  Government  were,  that  it  should  develop  a  speed  of  at 
least  36  miles  per  hour,  and  in  its  trial  flights  remain  continuously 
in  the  air  for  at  least  1  hour.  It  was  designed  to  carry  two  persons 
having  a  combined  weight  of  350  lb.  and  also  sufficient  fuel  for  a 
flight  of  125  miles.  The  trials  at  Fort  Myer,*  Virginia,  in  September 
1908,  indicated  that  the  machine  was  able  to  fulfill  the  require- 
ments of  the  government  specifications. 

125  The  aeroplane  has  two  superposed  main  surfaces  6  ft.  apart 
with  a  spread  of  40  ft.  and  a  distance  of  6i  ft.  from  front  to  rear. 
The  area  of  this  double  supporting  surface  is  about  500  sq.  ft.  The 
surfaces  are  so  constructed  that  their  extremities  may  be  warped  at 
the  will  of  the  operator. 

126  A  horizontal  rudder  of  two  superposed  plane  surfaces  about 
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15  ft.  long  and  3  ft.  wide  is  placed  in  front  of  the  mdn  surfaces. 
Behind  the  main  planes  is  a  vertical  rudder  formed  of  two  surfaces 
trussed  together  about  5i  ft.  long  and  1  ft.  wide.  The  auxiliary 
surfaces,  and  the  mechanism  controlling  the  warping  of  the  main 
surfaces,  are  operated  by  three  levers. 

127  The  motor,  which  was  designed  by  the  Wright  brothers,  has 
four  cylinders  and  is  water  cooled.  It  develops  about  25  h.p.  at 
1400  r.p.m.  There  are  two  wooden  propellers  8i  ft.  in  diameter 
which  are  designed  to  run  at  about  400  r.p.m.  The  machine  is  sup- 
ported on  two  runners,  and  weighs  about  800  lb.  A  monorail  is 
used  in  starting. 

128  The  Wright  machine  has  attained  an  estimated  maximum 
speed  of  about  40  miles  per  hour.  On  September  12,  a  few  days 
before  the  accident  which  wrecked  the  machine,  a  record  flight  of  1 
hour,  14  minutes,  20  seconds  was  made  at  Fort  Myer,  Virginia.  Since 
that  date  Wilbur  Wright,  at  Le  Mans,  France,  has  made  better 
records;  on  one  occasion  remaining  in  the  air  for  more  than  an  hour 
and  a  half  with  a  passenger. 

129  A  reference  to  the  attached  illustrations  of  this  machine  will 
show  its  details,  it9  method  of  starting,  and  its  appearance  in  flight. 

THE   HERRING    AEROPLANE 

130  The  Signal  Corps  of  the  Army  has  contracted  with  A.  M. 
Herring,  of  New  York,  to  furnish  an  aeroplane  under  the  conditions 
enumerated  in  the  specification  already  referred  to  and  shown  in 
the  appendix  to  this  paper.  Mr.  Herring  made  technical  delivery 
of  his  machine  at  the  aeronautical  testing  ground  at  Fort  Myer, 
Virginia,  on  October  13. 

131  In  compliance  with  the  request  of  Mr.  Herring  the  detiuls  of 
this  machine  will  not  be  made  public  at  present,  but  the  official  tests 
required  under  the  contract  will  be  conducted  in  public  as  has  been 
the  case  with  other  aeronautical  devices.  Opportunity  will  be  afford- 
ed any  one  to  observe  the  machine  in  operation. 

132  This  machine  embodies  new  features  for  automatic  control 
and  contains  an  engine  of  remarkable  lightness  per  horse-power. 

THE  FARMAN   AEROPLANE 

133  The  Farman  flying  machine  has  two  superposed  aero-surfaces 
4  ft.  11  in.  apart  with  a  spread  of  42  ft.  9  in.  and  6  ft.  7  in.  from  front 
to  rear.    The  total  sustaining  surface  is  about  560  sq.  ft. 
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134  A  box  tail  6  ft.  7  in.  wide  and  9  ft.  10  in.  long  in  rear  of  the 
main  surfaces  is  used  to  balance  the  machine.  The  vertical  sides  of 
the  tail  are  pivoted  along  the  front  edges,  and  serve  as  a  vertical  rudder 
for  steering  in  a  horizontal  plane.  There  are  two  parallel,  vertical 
partitions  near  the  middle  of  the  main  supporting  surfaces,  and  one 
vertical  partition  in  the  middle  of  the  box  tail.  A  horizontal  rudder 
in  front  of  the  machine  is  used  to  elevate  or  depress  it  in  flight. 

135  The  motor  is  an  eight  cylinder  Antoinette  of  50  h.p.  weigh- 
ing 176  lb.,  and  developing  about  38  h.p.  at  1050  r.p.m. 

136  The  propeller  is  a  built-up  steel  frame  covered  with  aluminum 
sheeting,  7i  ft.  in  diameter,  with  a  pitch  of  4  ft.  7  in.  It  is  mounted 
directly  on  the  motor  shaft  immediately  in  rear  of  the  middle  of  the 
main  surfaces. 

137  The  framework  is  of  wood,  covered  with  canvas.  A  chassis 
steel  tubing  carries  two  pneumatic-tired  bicycle  wheels.  Two 
smaller  wheels  are  placed  under  the  tail.  The  total  weight  of  the 
machine  is  1166  lb.  The  main  surfaces  support  a  little  over  two 
pounds  per  square  foot.  The  machine  has  shown  a  speed  of  about 
28  miles  per  hour  and  no  starting  apparatus  is  used. 

138  On  January  13,  1908,  Farman  won  the  Grand  Prix  of  the  Aero 
Club  of  France  in  a  flight  of  1  minute  and  28  seconds,  in  which  he 
covered  more  than  a  kilometer.  It  is  reported  that  on  October  30, 
1908,  a  flight  of  20  miles,  from  Mourmelon  to  Rheims,  was  made 
with  this  machine. 

THE  BLBRIOT   AEROPLANE 

139  Following  Farman's  first  flight  from  town  to  town,  M.  Bleriot 
with  his  monoplane  aeroplane  made  a  flight  from  Toury  to  the 
neighborhood  of  Artenay  and  back,  a  total  distance  of  about  28  kilo- 
meters. He  landed  twice  during  these  flights  and  covered  14  kilo- 
meters of  his  journey  in  about  10  minutes,  or  attained  a  speed  of  52 
miles  an  hour. 

THE  JUNE    BUG 

140  The  June  Bug  was  designed  by  the  Aerial  Experiment  Asso- 
ciation, of  which  Alexander  Graham  Bell  is  president.  It  has  two 
main  superposed  aerosurfaces  with  a  spread  of  42  ft.  6  in.,  includ- 
ing wing  tips,  with  a  total  supporting  surface  of  370  sq.  ft. 

141  The  tail  is  of  the  box  type.  The  vertical  rudder  above  the 
rear  edge  of  the  tail  is  30  in.  square.  The  horizontal  rudder  in  front 
of  the  main  surfaces  is  30  in.  wide  by  8  ft.  long.    There  are  four 
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triangular  wing  tips  pivoted  along  their  front  edges  for  maintaining 
transverse  equilibrium.  The  vertical  rudder  is  operated  by  a  steering 
wheel,  and  the  movable  tips  by  cords  attached  to  the  body  of  the 
aviator. 

142  The  motor  is  a  25  h.p.,  8  cylinder,  air  cooled,  Curtiss.  The 
single  wooden  propeller  immediately  behind  the  mdn  surfaces  is  6  ft. 
2  in.  in  diameter  and  mounted  directly  on  the  motor  shaft.  It  has 
a  pitch  angle  of  about  17  deg.  and  is  designed  to  run  at  about  1200 
r.p.m. 

143  The  total  weight  of  the  machine,  with  aviator,  is  650  lb. 
It  has  a  load  of  about  If  lb.  per  sq.  ft.  of  supporting  surface.  Two 
pneumatic-tired  bicycle  wheels  are  attached  to  the  lower,  part  of  the 
frame. 

144  With  this  machine,  Mr.  G.  H.  Curtiss,  on  July  4,  1908,  who 
the  Scientific  American  trophy  by  covering  the  distance  of  over  a 
mile  in  1  minute  and  42^  seconds  at  a  speed  of  about  39  miles  per 
hour. 

Some  General  Considerations  Which  Govern  the  Design 
of  an  aeroplane 

145  The  design  of  an  aeroplane  may  be  considered  under  the 
heads  of  support,  resistance  and  propulsion,  stability  and  control. 

146  Support.  In  this  class  of  flying  machines,  since  the  buoyancy 
is  practically  insignificant,  support  must  be  obtained  from  the 
dynamic  reaction  of  the  atmosphere  itself.  In  its  simplest  form,  an 
aeroplane  may  be  considered  as  a  single  plane  surface  moving  through 
the  air.  The  law  of  pressure  on  such  a  surface  has  been  determined 
and  may  be  expressed  as  follows: 

P  -  2A;<Til7'sin  a  (1) 

in  which  P  is  the  normal  pressure  upon  the  plane,  A;  is  a  constant 
of  figure,  a  the  density  of  the  air,  A  the  area  of  the  plane,  V  the 
relative  velocity  of  translation  of  the  plane  through  the  air,  and  a 
the  angle  of  flight. 

147  This  is  the  form  taken  by  Duchemin's  formula  for  small 
angles  of  flight  such  as  are  usually  employed  in  practice.  The  equa- 
tion shows  that  the  upward  pressure  on  the  plane  varies  directly  with 
the  area  of  the  plane,  with  the  sine  of  the  angle  of  flight,  with  the 
density  of  the  air,  and  also  with  the  square  of  the  velocity  of  trans- 
lation. 
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148  It  is  evident  that  the  total  upward  pressure  developed  must 
be  at  least  equal  to  the  weight  of  the  plane  and  its  load,  in  order  to 
support  the  system.  If  P  is  greater  than  the  weight  the  machine  will 
ascend;  if  less,  it  will  descend. 

149  The  constant  A;  depends  only  upon  the  shape  and  aspect  of 
the  plane,  and  should  be  determined  by  experiment.  For  example, 
with  a  plane  one  foot  square  k  a  —0.00167,  as  determined  by  Langley, 
when  P  is  expressed  in  pounds  per  square  foot,  and  V  in  feet  per 
second. 

Equation  (1)  may  be  written 

p 

A7« 

2  i<T  sin  a 

If  P  and  a  are  kept  constant  then  the  equation  has  the  form 

A  y  -  constant  (2) 

PRINCIPLE  OP  REEFING  IN  AVIATION 

150  An  interpretation  of  (2)  reveals  interesting  relations.  The 
supporting  area  varied  inversely  as  the^square  of  the  velocity.  For 
example,  in  the  Wright  aeroplane,  the  supporting  area  at  40  miles 
per  hour  is  500  sq.  ft.,  while  if  the  speed  is  increased  to  60  miles 

500 
per  hour  this  area  need  be  only  ^r—;^  »  222  sq.  ft.,  or  less  than  one- 

1.5^ 

half  of  its  present  size.    At  80  miles  per  hour  the  area  would  be 

reduced  to  125  sq.  ft.,  and  at  100  miles  per  hour  only  80  sq.  ft.  of 

supporting   area   is   required.    These   relations    are   conveniently 

exhibited  graphically. 

151  It  thus  appears  that  if  the  angle  of  flight  be  kept  constant  in 
the  Wright  aeroplane,  while  the  speed  is  increased  to  one  hundred 
miles  per  hour,  we  may  picture  a  machine  which  has  a  total  support- 
ing area  of  80  sq.  ft.,  or  double  surfaces  each  measuring  about  2^ 
by  16  ft.,  or  4  by  10  ft.  if  preferred.  Furthermore,  the  discarded 
mass  of  the  420  sq.  ft.  of  the  original  supporting  surface  may  be 
added  to  the  weight  of  the  motor  and  propellers  in  the  design  of  a 
reduced  aeroplane,  since  in  this  discussion  the  total  mass  is  assumed 
constant  at  1000  lb. 

152  In  the  case  of  a  bird's  flight,  its  wing  surface  is  "reefed"  as 
its  velocity  is  increased,  which  instinctive  action  serves  to  reduce  its 
head  resistance  and  skin-frictAonal  area,  and  the  consequent  power 
required  for  a  particular  speed. 
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153  Determination  of  k  for  Arched  Surfaces.  Since  arched  sur- 
faces are  now  commonly  used  in  aeroplane  construction,  and  as  the 
above  equation  (1)  appUes  to  plane  surfaces  only,  it  is  important  to 
determine  experimentally  the  value  of  the  coeflBcient  of  figure  *,  for 
each  type  of  arched  surface  employed,  especially  as  A:  is  shown  in 
some  cases  to  vary  with  the  angle  of  flight  a;  i.e.  the  inclination  of 
the  chord  of  the  surface  to  the  line  of  translation. 

154  Assuming  a  constant^  however,  we  may  compare  the  lift 
of  any  particular  arched  surface  with  a  plane  surface  of  the  same 
projected  plan  and  angle  of  flight. 

155  To  illustrate,  in  the  case  of  the  Wright  aeroplane,  let  us 
assume 

P  =-  1000  lb.  =  total  weight  -  W. 

A  -  500  sq.  ft. 

F  —  40  miles  per  hour  —  60  ft.  per  second. 

a  «  7  deg.  apprqximately. 

Whence  ha 


2  A  7'  sin  a       2  X  500  X  60»  X  J 
-  0.0022  (F  -  ft.  sec.) 
=  0.005    (F  =  mi.  hr.) 

156  Comparing  this  value  ol  ka  with  Langley's  value  0.004  for 
a  plane  surface,  V  being  in  miles  per  hour,  we  see  that  the  lift  for  the 
arched  surface  is  25  per  cent  greater  than  for  a  plane  surface  of  the 
same  projected  plan.  That  is  to  say,  this  arched  surface  is  dynami- 
cally equivalent  to  a  plane  surface  of  25  per  cent  greater  area  than 
the  projected  plan.  Such  a  plane  surface  may  be  defined  as  the 
"  equivalent  plane. " 

157  Resistance  and  Propulsion.  The  resistance  of  the  air  to  the 
motion  of  an  aeroplane  is  composed  of  two  parts:  (a),  the  resistance 
due  to  the  framing  and  load;  (6),  the  necessary  resistance  of  the  sus- 
taining surfaces  that  is,  the  drift,  or  horizontal  component  of  pres- 
sure and  the  unavoidable  skin-friction.  Disregarding  the  frame, 
and  considering  the  aeroplane  as  a  simple  plane  surface,  we  may 
express  the  resistance  by  the  equation 

ft  -  TF  tan  a  +  2  /  il  (3) 

in  which  R  is  the  total  resistance,  W  the  gross  weight  sustained,  a 
the  angle  of  flight,  /  the  friction  per  square  unit  of  area  of  the  plane, 
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A  the  area  of  the  plane.  The  first  term  of  the  second  member  give« 
the  drift,  the  second  term  the  skin-friction.  The  power  required  to 
propel  the  aeroplane  is 

H  ^  RV 

in  which  H  is  the  power,  V  the  velocity. 

158  Now  W  varies  as  the  second  power  of  the  velocity,  as  shown 
by  equation  (I),  and/  varies  as  the  power  1.85,  as  will  be  shown 
later.  Hence  we  conclude  that  the  total  resistance  R  of  the  air  to 
the  aeroplane  varies  approximately  as  the  square  of  its  speed,  and 
the  propulsive  power  practically  as  the  cube  of  speed. 

159  Moat  Advantageous  Speed  and  Angle  of  Flight.  Again,  regard- 
ing W  and  A  as  constant,  we  may,  by  equation  (1),  compute  a  for 
various  values  of  V.  and  find  /  for  those  velocities  from  the  skin- 
friction  table  to  be  given  presently.  Thus  a,  R,  and  H  may  be 
found  for  various  velocities  of  flight,  and  their  magnitudes  compared. 
In  this  way  the  values  in  Table  1  were  computed  for  a  soaring 
plane  1  ft.  square  weighing  1  lb.,  assuming  fc  a  =  0.004,  which  is 
approximately  Langley's  value  when  V  is  in  miles  per  hour. 

TABLE    1      POWER    REQUIRED   TO    TOW    A    PLANE    ONE   FOOT   SQUARE, 

WEIGHING  ONE  POUND,  HORIZONTALLY  THROUGH  THE  AIR  AT 

VARIOUS  SPEEDS    AND    ANGLES    OF   FUGHT 

COMPUTED 


Velocity 

Angle 

of 
flight 

OOMPUTBD  BBBISTANOB 

Tow-line 
power 

lift  per 

tow-line 

h.p. 

Drift 

Friction 

Total 

Mi.  hr. 

Deg. 

Lb. 

L&. 

U. 

Ft.  lb.  $ec. 

Lb. 

30 

8.26 

0.145 

0.0170    . 

0.162 

7.13 

77.1 

35 

5.94 

0.104 

0.0226 

0.1266 

6.61 

84.3 

40 

4.52 

0.790 

0.0289 

0.1079 

6.32 

86.7 

45 

3.65 

0.0621 

0.0360 

0.0981 

6.39 

86.1 

60 

2.88 

0.0500 

0.0439 

0.0939 

6.89 

80.2 

60 

2.03 

0.0364 

0.0614 

0.0962 

8.50 

64.7 

70 

1.47 

0.0257 

0.0814 

0.1071 

11.00 

50.0 

SO 

1.12 

0.0195 

0.1045 

0.1240 

14.56 

36.8 

90 

0.88 

0.0154 

0.1300 

0.1464 

19.17 

28.7 

100 

0.71 

0.0124 

0.1684 

0.1708 

25.00 

22.0 

160    Column   two,  ^ving  values  of  a  for  various  speeds,  is  com- 
puted from  equation  (1).    Thus  at  30  miles  per  hour. 


sm  a  = 


W 


1 


2ko  AV^       2  X.004  X  1  X  30' 


whence  a  «  8.25  deg. 
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liO  ^  ^  K>  W  T0 

VELOCITY-MILES  PER  HOUR-  V. 


FlO.  B 


FOOT  SaUARE  PLANE  WEIGHING  ONE  POUND 


2  3  4  5  6 

ANGLE  OP  PLIGHT- DC0RCE8 


FlO.   C 


Digitized  by  VjOOQIC 


PBESSNT  STATUS   OF  MILTTABT   AERONAUTICS  673 

161  Column  three  is  computed  from  the  term  W  tan  a  in  equa- 
tion (3),  thus 

Drift  -  PT  tan  a  -  1  X  tan  8.25  deg.  -  0.145. 

162  Column  four  is  computed  from  the  term  2/ A,  in  equation 
(3), /being  taken  from  the  skin-friction  table,  to  be  given  presently. 

163  The  table  shows  that  if  a  thin  plane  1  ft.  square,  weighing 
1  lb.  be  towed  through  the  air  so  as  just  to  float  horizontally  at 
various  velocities  and  angles  of  flight,  the  total  resistance  becomes 
a  minimum  at  an  angle  of  slightly  less  than  3  deg.,  and  at  a  velocity 
of  about  50  miles  per  hour;  also  that  the  skin-friction  approximately 
equals  the  drift  at  this  angle. .  The  table  also  shows  that  the  pro- 
pulsive power  for  the  given  plane  is  a  minimum  at  a  speed  of  between 
40  and  45  miles  per  hour,  the  angle  of  flight  then  being  approximately 
4.5  deg. 

164  The  last  column  of  the  table  shows  that  the  maximum  weight 
carried  per  horse-power  is  less  than  90  lb.  This  horse-load  may  be 
increased  by  changing  the  foot  square  plane  to  a  rectangular  plane 
and  towing  it  long-side  foremost;  also  by  lightening  the  load,  and 
letting  the  plane  glide  at  a  lower  speed;  but  best  of  all,  perhaps,  by 
arching  it  like  a  vulture's  wing  and  also  towing  it  long-side  foremost 
as  is  the  prevailing  practice  with  aeroplanes. 

These  relations  are  exhibited  graphically  in  the  diagrams.  Fig.  C, 
DandE. 

STABILITY    AND    CONTROL 

165  The  question  of  stability  is  a  serious  one  in  aviation,  especially 
as  increased  wind  velocities  are  encountered.  In  machines  of  the 
aeroplane  type  there  must  be  some  means  provided  to  secure  fore 
and  aft  stability  and  also  lateral  stability. 

166  A  large  number  of  plans  have  been  proposed  for  the  accom- 
plishment of  these  ends,  some  based  upon  the  skill  of  the  aviator, 
others  operated  automatically,  and  still  others  employing  a  com- 
bination of  both.  At  the  present  time  no  aeroplane  has  yet  been 
publicly  exhibited  which  is  provided  with  automatic  control. 
There  is  little  difference  of  opinion  as  to  the  desirability  of  some  form 
of  automatic  control. 

167  The  Wright  aeroplane  does  not  attempt  to  accomplish  this, 
but  depends  entirely  upon  the  skill  of  the  aviator  to  secure  both 
lateral  and  longitudinal  equilibrium,  but  it  is  understood  that  a 
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FOOT  SQUARE  SOARING  PLANE  WEIGHING  ONE  POUND 


FlQ. 
FOOT  SQUARE  SOARING  PLANE  WEIGHING  ONE  POUND 

TOW-UNE  HORSE-LOAOrLBS. 

a0  3040K)6070Q£litlO 


VCLOCITY,-MILES  PER  HOUR. 
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device  for  this  purpose  is  one  of  the  next  to  be  brought  forward  by 
them.  Much  of  the  success  of  the  Wright  brothers  has  been  due  to 
their  logical  procedure  in  the  development  of  the  aeroplane,  taking 
the  essentials,  step  by  step,  rather  than  attempting  everything  at 
once,  as  is  so  often  the  practice  with  inexperienced  inventors. 

168  The  aviator's  task  is  much  more  difficult  than  that  of  the 
chauffeur.  With  the  chauffeur,  while  it  is  true  that  it  requires  his 
constant  attention  to  guide  his  machine,  yet  he  is  traveling  on  a 
roadway  where  he  can  have  due  warning,  through  sight,  of  the  turns 
and  irregularities  of  the  course. 

169  The  fundamental  difference  between  operating  the  aeroplane 
and  the  automobile,  is  that  the  former  is  traveling  along  an  aerial 
highway  which  has  manifold  humps  and  ridges,  eddies  and  gusts, 
and  since  the  air  is  invisible  he  cannot  see  these  irregularities  and 
inequalities  of  his  path,  and  consequently  cannot  provide  for  them 
until  he  has  actually  encountered  them.  He  must  feel  the  road 
since  he  cannot  see  it. 

170  Some  form  of  automatic  control  whereby  the  machine  itself 
promptly  corrects  for  the  inequalities  of  its  pathf  is  evidently  very 
desirable.  As  stated  above,  a  large  number  of  plans  for  doing  this 
have  been  proposed,  many  of  them  based  on  gyrostatic  action,  mov- 
able side  planes,  revolving  surfaces,  warped  surfaces,  etc.  A  solu- 
tion of  this  problem  may  be  considered  as  one  of  the  next  important 
steps  forward  in  the  development  of  the  aeroplane. 

HYDROMECHANIC  RELATIONS 
Some  General  Relations  between  Ships  in  Air  and  in  Water 

171  At  the  present  moment,  so  many  minds  are  engaged  upon 
the  general  problem  of  aerial  navigation  that  any  method  by  which 
a  broad  forecast  of  the  subject  can  be  made  is  particularly  desirable. 
Each  branch  of  the  subject  has  its  advocates,  each  believing  implicitly 
in  the  superiority  of  his  method.  On  the  one  hand  the  adherents  of 
the  dirigible  balloon  have  little  confidence  in  the  future  of  the  aero- 
plane, while  another  class  have  no  energy  to  devote  to  the  dirigible 
balloon,  and  still  others  prefer  to  work  on  the  pure  helicopter  princi- 
ple. As  a  matter  of  fact,  each  of  these  types  is  probably  of  per- 
manent importance,  and  each  particularly  adapted  to  certain  needs. 

172  Fortunately  for  the  development  of  each  type,  the  experi- 
ments made  with  one  class  are  of  value  to  the  other  classes,  and  these 
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in  turn  bear  close  analogy  to  the  types  of  boats  used  in  marine  navi- 
gation. The  dynamical  properties  of  water  and  air  are  very  much 
alike,  and  the  equations  of  motion  are  similar  for  the  two  fluids,  so 
that  the  data  obtained  from  experiments  in  water,  which  are  very 
extensive,  may  with  slight  modification  be  applied.to  computations  for 
aerial  navigation. 

173  Helmholz'  Theorem.  Von  Helmholz,  the  master  physicist 
of  Germany,  who  illuminated  everything  he  touched,  has  fortunately 
considered  this  subject,  in  a  paper  written  in  1873.  The  title  of  his 
paper  is  "On  a  theorem  relative  to  movements  that  are  geometrically 
similar  in  fluid  bodies,  together  with  an  application  to  the  problem  of 
steering  balloons." 

174  In  this  paper  Helmholz  affirms  that,  although  the  differen- 
tial equations  of  hydro-mechanics  may  be  an  exact  expression  of 
the  laws  controlling  the  motions  of  fluids,  still  it  is  only  for  relatively 
few  and  simple  experimental  cases  that  we  can  obtain  integrals 
appropriate  to  the  given  conditions,  particularly  if  the  cases  involve 
viscosity  and  surfaces  of  discontinuity. 

175  Hence,  ia  dealing  practically  with  the  motion  of  fluids,  we 
must  depend  upon  experiment  almost  entirely,  often  being  able  to 
predict  very  little  from  theory,  and  that  usually  with  uncertainty. 
Without  integrating,  however,  he  applies  the  hydrodynamic  equa- 
tions to  transfer  the  observations  made  on  any  one  fluid  with  given 
models  and  speeds,  over  to  a  geometrically  similar  mass  of  another 
fluid  involving  other  speeds,  and  models  of  different  magnitudes. 
By  this  means  he  is  able  to  compute  the  size,  velocity,  resistance, 
power,  etc.,  of  aerial  craft,  from  given,  or  observed,  values  for  marine 
craft. 

176  He  also  deduces  laws  that  must  inevitably  place  a  limit  upon 
the  possible  size  and  velocity  of  aerial  craft,  without,  however,  indi- 
cating what  that  limit  may  be  with  artificial  power.  Applying  this 
mode  of  reasoning  to  large  birds  he  concludes  by  saying  that, "  It 
therefore  appears  probable  that  in  the  model  of  the  great  vulture, 
nature  has  already  reached  the  limit  that  can  be  attained  with  the 
muscles  as  working  organs,  and  under  the  most  favorable  conditions 
of  subsistence,  for  the  magnitude  of  a  creature  that  shall  raise  itself 
by  its  wings  and  remain  a  long  time  in  the  air." 

177  In  comparing  the  behavior  of  models  in  water  and  air,  he 
takes  account  of  the  density  and  viscosity  of  the  media,  as  these  were 
well  known  at  the  date  of  his  writing,  1873;  but  he  could  not  take 
account  of  the  sliding,  or  skin-friction,  because  in  his  day  neither 
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the  magnitude  of  such  friction  for  air,  nor  the  law  of  its  variation 
with  velocity  had  been  determined. 

SKIN-PRICTION    IN    AIR 

178  Even  as  late  as  Langley's  experiments,  skin-friction  in  air 
was  regarded  as  a  negligible  quantity,  but  due  to  the  work  of  Dr.  Zahm , 
who  was  the  first  to  make  any  really  extensive  and  reliable  experi- 
ments on  skin-friction  in  air,  we  now  can  estimate  the  magnitude  of 
this  quantity.  As  a  result  of  his  research  he  has  given  in  his  paper 
on  atmospheric  friction  the  following  equation: 


-0.07«1.8« 


/  =  0.00000778 /-°-^v 
/  =  0.0000158    r^'^J.v^-^, 


.{v  =  ft.  sec.) 
.(v  =  mi.  hr.) 


in  which  /  is  the  average  skin-friction  per  square  foot,  and  I  the  length 
of  surface. 

179    From  this  equation  the  accompanying  table  of  resistances 
was  computed,  and  is  inserted  here  for  the  convenience  of  engineers: 


TABLE  2       FRICTI 

ON    PER    SQUARE    FCC 

)T    FOR    VARIOUS    SPEEDS    AND 

LENGTHS    OF  SURFACE 

AvERAOB  Friction  in  Pounds  per  Squarr  Foot 

Wind 

speed 

1  ft.  plane 

2  ft.  plane 

4  ft.  plane 

8  ft.  plane 

16  ft.  plane 

32  ft.  plane 

mi.  hr. 

0.000303 

5 

0.000289 

0.000275 

0.000262 

0.000250 

0.000238 

10 

0.00II2 

0.00105 

0.00101 

0.000967 

0.000922 

0.000878 

15 

0.00237 

0.00226 

0.00215 

0.00205 

0.00195 

0.00186 

20 

0.00402 

0.00384 

0.00365 

0.00349 

0.00332 

0.00317 

25     . 

0.00606 
0.0OS50 

0.00579 

0.00551 

0.00527 

0.00501 

0.00478 

30 

0.00810 

0.00772 

0.00736 

0.00701 

0.00668 

35 

0.01130 

0.0108 

0.0103 

0.0098 

0.00932 

0.00888 

40 

0.0145 

0.0138 

0.0132 

0.0125 

0.0125 

0.0114 

50 

0.0219 

0.0209 

0.0199 

0.0190 

0.0181 

0.0172 

60 

0.0307 

0.0293 

0.0279 

0.0265 

0.0253 

0.0242 

70 

0.0407 

0.0390 

0.0370 

0.0353 

0.0337 

0.0321 

80 

0.0522 

0.0500 

0.0474 

0.0452 

0.0431 

0.0411 

90 

0.0660 

0.0621 

0.0590 

0.0563 

0.0536 

0.0511 

100 

0.0792 

0.0755 

0.0719 

0.0685 

0.0662 

0.0622 

180  The  numbers  within  the  rules  represent  data  coming  within 
the  range  of  observation.  These  observations  show  that  "the 
f rictional  resistance  is  at  least  as  great  for  air  as  water,  in  proportion 
to  their  densities.    In  other  words,  it  amounts  to  a  decided  obstacle 
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in  high  speed  transportation.  In  aeronautics  it  is  one  of  the  chief 
elements  of  resistance  both  to  hull-shaped  bodies  and  to  aero-eur- 
faces  gliding  at  small  angles  of  iSight." 

181  Relative  Dynamic  and  Buoyant  Support.  Peter  Cooper- 
Hewitt  has  given  careful  study  to  the  relative  behavior  of  ships  in 
air  and  in  water.  He  has  made  a  special  study  of  hydroplanes,  and 
has  prepared  graphic  representations  of  his  results  which  furnish  a 
valuable  forecast  of  the  problem  of  flight. 

182  Without  knowing  of  Helmholz's  theorem,  Cooper-Hewitt 
has  independently  computed  curves  for  ships  and  hydroplanes  from 
actual  data  in  water,  and  has  employed  these  curves  to  solve  analo- 
gous problems  in  air,  using  the  relative  densities  of  the  two  media, 
approximately  800  to  1,  in  order  to  determine  the  relative  values 
of  support  by  dynamic  reaction  and  by  displacement  for  various 
weights  and  speeds. 

183  An  analysis  of  these  curves  leadsto  conclusions  of  importance, 
some  of  which  are  as  follows: 

184  The  power  consumed  in  propelling  a  displacement  vessel  at 
any  constant  speed,  supported  by  air  or  water,  is  considered  as  being 
§  consumed  by  skin-resistance,  or  surface  resistance,  and  i  consumed 
by  head  resistance.  Such  a  vessel  will  be  about  ten  diameters  in 
length,  or  should  be  of  such  shape  that  the  sum  of  the  power  con- 
sumed in  surface  friction  and  in  head  resistance  will  be  a  minimum 
(torpedo  shape). 

185  The  power  required  to  overcome  friction  due  to  forward 
movement  will  be  about  |  as  much  for  a  vessel  in  air  as  for  a  vessel  of 
the  same  weight  in  water. 

186  Leaving  other  things  out  of  consideration,  higher  speeds  can 
be  obtained  in  craft  of  small  tonnage  by  the  dynamic  reaction  t3rpe 
than  by  the  displacement  type;  for  large  tonnages  the  advantages  of 
the  displacement  of  type  are  manifest. 

187  A  diri^ble  balloon  carrying  the  same  weight,  other  things 
being  equal,  may  be  made  to  travel  about  twice  as  fast  as  a  boat  for 
the  same  power;  or  be  made  to  travel  at  the  same  speed  with  the 
expenditure  of  about  i  of  the  power. 

188  As  there  are  practically  always  currents  in  the  air,  reaching 
at  times  a  velocity  of  many  miles  per  hour,  a  dirigible  balloon  should 
be  constructed  with  sufficient  power  to  be  able  to  travel  at  a  speed 
of  about  50  miles  per  hour,  in  order  that  it  may  be  available  under 
practical  conditions  of  weather.  In  other  words,  it  should  have 
substantially  as  much  power  as  would  drive  a  boat,  carrying  the  same 
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weight,  25  miles  an  hour,  or  should  have  the  same  ratio  of  power  to 
size  as  the  Lusitania. 

180  Motors.  It  is  the  general  opinion  that  any  one  of  several 
types  of  internal  combustion  motors  at  present  available  is  suitable 
for  use  with  dirigible  balloons.  With  this  type,  lightness  need  not 
be  obtained  at  the  sacrifice  of  eflSciency.  In  the  aeroplane,  however, 
lightness  per  output  is  a  prime  consideration,  and  certainty  and 
reliability  of  action  is  demanded,  since  if  by  chance  the  motor  stops, 
the  machine  must  immediately  glide  to  the  earth.  A  technical  dis- 
cussion of  motors  would  of  itself  require  an  extended  paper,  and 
may  well  form  the  subject  of  a  special  communication. 

190  Propellers.  The  fundamental  principles  of  propellers  are  the 
same  for  air  as  for  water.  In  both  elements,  the  thrust  is  directly 
proportional  to  the  mass  of  fluid  set  in  motion  per  second.  A  great 
variety  of  types  of  propellers  have  been  devised,  but  thus  far  only 
the  screw-propeller  has  proved  to  be  of  practical  value  in  air.  The 
theory  of  the  screw-propeller  in  air  is  substantially  the  same  as  for 
the  deeply  submerged  screw-propeller  in  water,  and  therefore  does  not 
seem  to  call  for  treatment  here.  There  is  much  need  at  present  for 
accurate  aerodynamic  data  on  the  behavior  of  screw-propellers  in 
air,  and  it  is  hoped  that  engineers  will  soon  secure  such  data,  and  present 
it  in  practical  form  for  the  use  of  those  interested  in  airship  design. 

191  Limitations.  Euclid's  familiar  "square-cube"  theorem  con- 
necting the  volumes  and  siirf  aces  of  similar  figures,  as  is  well  known, 
operates  in  favor  of  increased  size  of  dirigibles,  and  limits  the  possible 
size  of  heavier-than-air  machines  in  single  units  and  with  concen- 
trated load. 

192  It  appears,  however,  that  both  fundamental  forms  of  aerial 
craft  will  likely  be  developed,  and  that  the  lighter-than-air  type  will 
be  the  burden-bearing  machine  of  the  future,  whereas  the  heavier- 
than-air  t3rpe  will  be  limited  to  comparatively  low  tonnage,  operating 
at  relatively  high  velocity.  The  helicopter  type  of  machine  may  be 
considered  as  the  limit  of  the  aeroplane,  when  by  constantly  increas- 
ing the  speed,  the  area  of  the  supporting  surfaces  is  continuously 
reduced  until  it  practically  disappears.  We  may  then  picture  a 
racing  aeroplane  propelled  by  great  power,  supported  largely  by  the 
pressure  agtunst  its  body,  and  with  its  wings  reduced  to  mere  fins 
which  serve  to  guide  and  steady  its  motion.  In  other  words,  start- 
ing with  the  aeroplane  type;  we  have  the  dirigible  balloon  on  the  one 
hand  as  the  tonnage  increases,  and  the  helicopter  type  on  the  other 
extreme  as  the  speed  increases.    Apparently,  therefore,  no  one  of 
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these  forms  will  be  exclusively  used,  but  each  will  have  its  place  for 
the  particular  work  required. 

AEKIAL  LOCOMOTION  IN  WARFARE 

193  Whatever  may  be  the  influence  of  aerial  navigation  upon  the 
art  of  war,  the  fact  which  must  be  considered  at  present  is,  that 
each  of  the  principal  military  powers  is  displaying  feverish  activity 
in  developing  this  auxiliary  as  an  adjunct  to  the  military  establish- 
ment. 

194  If  each  of  the  great  Powers  of  the  world  would  agree  that 
aerial  warfare  should  not  be  carried  on,  the  subject  would  be  of  no 
great  interest  to  this  country  as  far  as  our  military  policy  is  concerned, 
but  until  such  an  agreement  is  made  this  country  is  forced  to  an 
immediate  and  serious  consideration  of  this  subject  in  order  to  be 
prepared  for  any  eventuality. 

195  The  identical  reasoning  which  has  led  to  the  adoption  of  a 
policy  of  providing  for  increasing  our  navy  year  by  year  to  main- 
tain our  relative  supremacy  on  the  sea,  is  immediately  applicable  to 
the  military  control  of  the  air.  If  the  policy  in  respect  to  the  navy 
is  admitted,  there  is  no  escape  from  the  deduction  that  we  should 
proceed  in  the  development  of  ships  of  the  air  on  a  scale  commen- 
surate with  the  position  of  the  Nation. 

196  The  question  as  to  whether  or  not  the  Powers  will  ultimately 
permit  the  use  of  aerial  ships  in  war  is  not  at  present  the  practical 
one,  because  in  case  such  use  is  authorized  it  will  be  too  late  ade- 
quately to  equip  ourselves  after  war  has  been  declared. 

ACTION    OF   THE    HAGUE    PEACE    CONFERENCE 

197  The  following  is  the  declaration  signed  by  the  delegates  of 
the  United  States  to  the  Second  International  Peace  Conference  held 
at  The  Hague,  J\me  15  to  October  19,  1907,  prohibiting  the  discharge 
of  projectiles  and  explosives  from  balloons,  ratified  March  10,  1908. 

198  Declaration: 

The  Contracting  Powers  agree  to  prohibit^  for  a  period  extending  to 
the  close  of  the  Third  Peace  Conference^  the  discharge  of  projectiles 
and  explosives  from  baUoons  or  by  other  new  methods  of  a  similar  nature. 

199  The  delegates  of  the  United  States  signed  this  declaration. 
The  countries  which  did  not  sign  the  declaration  forbidding  the 
launching  of  projectiles  and  explosives  from  balloons  were:  Germanyi 
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Austria-Hungary,  China,  Denmark,  Ecuador,  Spain,  France,  Great 
Britain,  Guatemala,  Italy,  Japan,  Mexico,  Montenegro,  Nicaragua, 
Paraguay,  Roumania,  Russia,  Servia,  Sweden,  Switzerland,  Turkey, 
Venezuela. 

200  It  appears  that  the  United  States  is  the  only  first-class  Power 
who  signed  this  agreement,  and  an  analysis  of  the  text  of  the  agree- 
ment itself  shows  that  no  serious  attempt  was  made  to  settle  the 
question  finally. 

201  For  instance,  while  the  war  balloon  may  not  discharge  pro- 
jectiles or  explosives  from  above,  no  reciprocal  provision  is  ade 
preventing  such  war  balloon  from  being  fired  upon  from  the  earth 
below,  yet  the  law  of  self-defense  evidently  obtains. 

202  Furthermore,  Naval  Experts  will  tell  you  that  they  fear  no 
enemy  quite  as  much  as  a  submarine  mine,  whose  location  is  unknown 
and  which  gives  no  warning  when  it  is  approached.  Our  own 
experience  shows  that  the  Battleship  Maine  could  be  completely 
destroyed  in  time  of  peace  without  any  one  detecting  the  preparations 
for  its  accomplishment. 

203  If,  then,  a  nation  can  submerge  a  mine  for  the  destruction  of 
ships  from  underneath  the  water,  why  can  it  not  drop  an  aerial  mine 
upon  a  ship  from  above?  And  if  it  should  be  allowed  to  drop  an 
aerial  mine  upon  an  enemy's  fortified  ship  at  sea,  it  certainly  should 
be  allowed  to  drop  such  an  aerial  mine  upon  a  fortified  place  on 
land. 

JNFLUENCE  ON  THE  MILITARY   ART 

204  The  Military  Art,  up  to  the  present  time,  has  been  practically 
conducted  in  a  plane  where  the  armies  concerned  have  been  limited 
in  their  movements  in  time  and  place  by  the  physical  character  of 
the  terrane.  A  large  army.,  for  instance,  cannot  move  faster  than 
about  12  miles  a  day  by  marching,  and  the  use  of  railroads  as  applied 
to  the  Art  of  War  was  first  recognized  in  the  Franco-Prussian  war. 
By  their  use,  the  mobiUzation  of  the  great  Prussian  army,  and  its 
accurate  assembling  in  the  theater  of  operations  within  ten  days, 
contributed  an  initial  advantage  not  before  possible. 

205  The  very  essence  of  strategy  is  surprise,  and  there  never  were 
better  opportunities  than  at  present  for  a  constructive  general  to 
achieve  great  victories.  But  these  victories,  to  be  really  great,  must 
be  founded  upon  some  new  development  or  use  of  power  not  here- 
tofore known  in  war.  They  must  also  tend  to  produce  results  with 
the  minimum  loss  of  human  Ufe.    In  other  words,  the  .  entiment  of 
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the  world  demands  that  the  military  art  shall  always  aim  to  capture^ 
not  destroy. 

206  It  may  be  said,  that  the  consummation  of  military  art  is 
found  in  maneuvering  the  enemy  into  untenable  situations,  thereby 
forcing  a  decisive  result  with  a  minimum  loss  of  life  and  treasure. 

207  As  to  the  technical  use  of  dirigible  balloons  and  aeroplanes 
in  warfare  we  have  nothing  but  theory  at  present  to  guide  us.  It 
would  appear,  however,  in  the  case  of  dirigible  balloons  that  two 
different  classes  of  such  ships  should  be  developed. 

208  First:  A  comparatively  small  dirigible  type  with  a  capacity 
of  from  50  000  to  100  000  cubic  feet,  to  be  used  principally  for 
scouting  purposes  and  to  a  limited  extent  for  carrying  explosives 
for  demolitions  or  for  incendiary  purposes,  such  as  destroying  bridges 
and  supply  depots  close  to  the  mobile  army  or  coast  defense  fortress. 
In  reconnoitering  dirigibles  of  this  class,  in  order  to  be  safe  during 
day-time  they  will  have  to  maneuver  at  an  altitude  of  about  a  mile, 
but  experiments  show  that  telephotographic  apparatus  will  operate 
from  this  height  to  give  much  detail. 

209  At  night,  such  dirigibles  may  descend  to  within  a  few  hun- 
dred feet  of  the  ground  with  safety  and  thus  obtain  much  valuable 
information.  Equipped  with  wireless  telegraph  or  telephone  appar- 
atus, military  data  could  be  obtained  and  transmitted  without 
undue  risk.  Due  to  the  small  carrying  capacity  of  such  sizes,  the 
radius  of  action  would  probably  be  limited  at  present  to  about  two 
hundred  miles. 

210  Second:  This  type  of  dirigible  may  be  developed  for  burden- 
bearing  purposes.  It  has  been  pointed  out  above  that  the  larger 
the  airship  the  greater  the  speed  it  may  be  given,  and  the  greater 
its  radius  of  action.  There  is  no  reason  to  doubt,  that  airships  of 
a  capacity  of  from  500  000  to  1  000  000  cubic  feet  may  be  ultimately 
developed  to  attain  speeds  of  50  to  75  miles  per  hour.  With  a 
capacity  for  such  speed,  the  aerial  craft  becomes  a  powerful  practical 
engine  of  war  which  may  be  used  in  all  ordinary  weather.  By  keep- 
ing high  in  the  air  in  day-time,  and  descending  at  night,  they  may 
launch  high  explosives,  producing  great  damage.  Being  able  to 
pass  over  armies  and  proceed  at  great  speeds,  their  objectives  would 
not  usually  be  the  enemy's  armies,  but  their  efforts  would  be  directed 
against  his  base  of  supplies;  to  destroy  his  dry-docks,  arsenals,  ammu- 
nition depots,  principal  railway  centers,  storehouses,  and  indeed 
the  enemy's  navy  itself. 
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211  It  is  thought  that  there  will  be  little  difficulty  in  launching 
explosives  with  accuracy,  provided  good  maps  and  plans  are  available. 
Due  to  the  small  cost  of  such  ships  as  compared  with  naval  vessels, 
the  risk  of  loss  would  be  readily  taken. 

212  The  element  of  time  has  always  been  a  controlling  factor  in 
warfare.  It  is  often  a  military  necessity  to  conduct  a  reconnoissance 
in  force  to  develop  the  enemy's  dispositions.  This  requires  at  times 
a  detachment  of  several  thousand  men  from  the  main  army,  for  a 
considerable  period  of  time.  With  efficient  military  airships,  these 
results  may  be  attained  with  a  very  few  men  in  a  small  fraction  of 
the  time  heretofore  required. 

213  Ddimitation  of  Frontiers.  The  realization  of  aerial  naviga- 
tion for  miUtary  purposes,  brings  forward  new  questions  regarding  the 
limitation  of  frontiers.  As  long  as  military  operations  are  confined 
to  the  surface  of  the  earth,  it  has  been  the  custom  to  protect  the 
geographical  limits  of  a  country  by  ample  preparations  in  time  of 
peace,  such  as  a  line  of  fortresses  properly  garrisoned.  At  the  out- 
break of  war  these  boundaries  represent  real  and  definite  limits  to 
military  operations.  Excursions  into  the  enemy's  territory  usually 
require  the  backing  of  a  strong  military  force.  Under  the  new  con- 
ditions, however,  these  geographic  boundaries  no  longer  oflfer  the 
same  definite  limits  to  miUtary  movements.  With  a  third  dimension 
added  to  the  theater  of  operations,  it  will  be  possible  to  pass  over 
this  boundary  on  rapid  raids  for  obtaining  information,  accomplish- 
ing demoUtions,  etc.,  returning  to  safe  harbors  in  a  minimum  time. 
We  may,  therefore,  regard  the  advent  of  military  ships  of  the  air,  as, 
in  a  measure,  obliterating  present  national  frontiers  in  conducting 
miUtary  operations. 

214  One  of  the  military  objectives  in  warfare,  is  usually  the 
enemy's  capital  city,  his  ministers,  and.hisj  chief  executive.  This 
objective  has  heretofore  been  protected  by  large  armies  of  soldiers, 
who  in  themselves  are  not  so  important  to  the  result.  In  order 
to  attain  the  objective,  it  has  been  frequently  necessary  to  subdue 
large  numbers  of  soldiers  needlessly. 

215  With  the  advent  of  efficient  ships  of  the  air,  however,  small 
parties  may  pass  over  these  protective  armies  on  expeditions  aimed 
at  the  seat  of  government  itself,  where  reside  the  body  of  particular 
individuals  most  responsible,  so  that  the  ultimate  result  will  be  to 
deter  a  rash  entrance  into  war  for  personal  ends;  since  now  for  the 
first  time  responsible  individuals  of  state  may  be  in  immediate  and 
personal  danger  after  the  declaration  of  war>  which  heretofore  has 
not  been  usually  the  ease. 
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INTERIOR   HARBORS 

216  In  the  development  of  these  larger  types  of  dirigible  balloons 
the  main  difficulty  will  be,  in  providing  sxiitable  harbors  or  places  of 
safety,  for  replenishing  supplies  and  for  seeking  shelter  in  times  of 
stress.  As  long  as  the  dirigible  balloon  remains  in  the  air  it  may  be 
regarded  as  tolerably  safe,  both  in  itself,  and  as  a  conveyance  for 
observers.  If  its  engines  are  disabled,  it  is  at  least  a  free  balloon  and 
may  be  operated  as  such. 

217  When  brought  in  contact  with  the  ground,  however,  it  is 
in  considerable  danger  from  high  winds.  The  momentum  of  such 
an  enormous  airship  is  great,  and  the  comparatively  fragile  structure 
of  the  craft  makes  it  an  easy  prey  to  the  pounding  which  it  is  likely 
to  receive  when  landing.  Just  as  marine  ships  must  seek  a  sheltered 
harbor  or  put  to  the  open  sea  in  times  of  storm,  so  in  case  of  ships 
of  the  air,  it  is  much  more  necessary  either  to  brave  the  storm  in  the 
open,  or  to  seek  some  sheltered  harbor  on  land. 

218  Fortunately,  in  this  case,  certain  suitable  harbors  for  very 
large  ships  may  be  provided  at  small  expense,  by  using  narrow  and 
deep  valleys  and  ravines,  surrounded  by  forests  or  other  protection, 
or  prepared  railway  cuts,  etc.,  where  the  airship  may  descend  and 
be  reasonably  safe  from  the  winds  above.  These  harbors  should, 
of  course,  be  known  to  the  pilot,  and  carefully  plotted  on  his  maps 
beforehand.  The  compass  bearings  of  each  harbor  from  prominent 
points  on  land  must  be  known  and  plotted,  to  assist  as  far  as  possible 
in  navigating  the  airship  in  thick  weather;  and  such  harbors  may  be 
indicated  to  the  pilot  at  night  by  vertical  searchlight  beams,  or  by 
suitable  rockets,  etc. 

219  The  aeroplane,  as  has  been  pointed  out,  is  likely  to  prove  a 
flying  machine  of  comparatively  low  tonnage  and  high  speed.  It  is 
not  likely  to  become  a  burden-bearing  ship,  at  least  in  single  units, 
but  will  be  extremely  useful  for  reconnoitering  purposes;  for  dis- 
patching important  orders  and  instructions  at  high  speed;  for  reach-* 
ing  inaccessible  points;  or  for  canying  individuals  of  high  rank  and 
command  to  points  where  their  personality  is  needed. 

220  One  of  the  bloodiest  contests  the  world  has  ever  seen,  was 
the  Japanese  attack  on  "203  Meter  Hill,"  yet  the  sole  object  of  this 
great  slaughter  was  to  place  two  or  [three  men  at  its  summit  to 
direct  the  fire  of  the  Japanese  siege  guns  upon  the  Russian  fleet 
in  the  harbor  at  Port  Arthur. 

221  If  the  United  States  had  possessed  in  1898,  a  single  dirigible 
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balloon,  even  of  the  size  of  the  one  now  at  Fort  Myer,  Virginia,  which 
cost  less  than  $10  000,  the  American  Army  and  Navy  would  not 
have  long  remained  in  doubt  of  the  presence  of  Cervera's  fleet  in 
Santiago  Harbor. 

222  The  world  is  undoubtedly  growing  more  humane  year  by 
year.  We  have  arrived  at  a  conception  of  the  principle  of  an  efficient 
army  and  navy,  not  to  provoke  war  but  to  preserve  peace,  and  it 
is  believed,  that,  following  this  principle,  the  perfection  of  ships  of 
the  air  for  military  purposes  will  materially  contribute,  on  the  whole, 
to  make  war  less  likely  in  the  future  than  in  the  past. 


Digitized  by  VjOOQIC 


APPENDIX  NO.  1 
SIGNAL  CORPS  SPECIFICATION,  NO.  486 

Advertisement  and  Specification  for  a  Hbavier-than-Air  Fltino 

Machine. 
To  the  Public: 

Sealed  proposals,  in  duplicate,  will  be  received  at  this  office  iintil  12  o'clock 
Doon  on  February  1,  1908,  on  behalf  of  the  Board  of  Ordnance  and  Fortification 
for  furnishing  the  Signal  Corps  with  a  heavier-than-air  flying  machine.  All 
proposals  received  will  be  turned  over  to  the  Board  of  Ordnance  and  Fortifica- 
tion at  its  first  meeting  after  February  1  for  its  official  action. 

Persons  wishing  to  submit  proposals  \mder  this  specification  can  obtain  the 
necessary  forms  and  envelopes  by  application  to  the  Chief  Signal  Officer,  United 
States  Army,  War  Department,  Washington,  D.  C.  The  United  States  reserves 
the  right  to  reject  any  and  all  proposals. 

Unless  the  bidders  are  also  the  manufacturers  of  the  flying  machine  they  must 
state  the  name  and  place  of  the  maker. 

Preliminary. — ^This  specification  covers  the  construction  of  a  flying  machine 
supported  entirely  by  the  dynamic  reaction  of  the  atmosphere  and  having  no  gas 
bag. 

Acceptance. — ^The  flying  machine  will  be  accepted  only  after  a  successful  trial 

flight,  during  which  it  will  comply  with  all  requirements  of  this  specification. 

No  payments  on  accoimt  will  be  made  \mtil  after  the  trial  ffight  and  acceptance. 

Inspection. — ^The  Government  reserves  the  right  to  inspect  any  and  all  processes 

of  manufacture. 

GENERAL  RBQUIRBMBNTB. 

The  general  dimensions  of  the  flying  machine  will  be  determined  by  the  man- 
ufacturer, subject  to  the  following  conditions: 

1  Bidders  must  submit  with  their  proposals  the  following: 

a  Drawings  to  scale  showing  the  general  dimensions  and  shape  of  the 
flying  machine  which  they  propose  to  build  under  this  specification. 

b    Statement  of  the  speed  for  which  it  is  designed. 

c    Statement  of  the  total  surface  area  of  the  supporting  planes. 

d    Statement  of  the  total  weight. 

e    Description  of  the  engine  which  will  be  used  for  motive  power. 

/  The  material  of  which  the  frame,  planes,  and  propellers  will  be  con- 
structed.   Plans  received  will  not  be  shown  to  other  bidders. 

2  It  is  desirable  that  the  flying  machine  should  be  designed  so  that  it  may  be 
quickly  and  easily  assembled  and  taken  apart  and  packed  for  transportation  in 
army  wagons.  It  should  be  capable  of  being  assembled  and  put  in  operating 
condition  in  about  one  hour. 
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3  The  flying  machine  must  be  designed  to  carry  two  persons  having  a  com- 
bined weight  of  about  350  pounds,  also  sufficient  fuel  for  a  flight  of  125  miles. 

4  The  flying  machine  should  be  designed  to  have  a  speed  of  at  least  forty 
miles  per  hour  in  still  air,  but  bidders  must  submit  quotations  in  their  proposals 
for  cost  depending  Upon  the  speed  attained  during  the  trial  flight,  according  to  the 
following  scale: 


40  miles  per  hour,  100  per  cent. 
39  miles  per  hour,  90  per  cent. 
38  miles  per  hour,  80  per  cent. 
37  miles  per  hour,  70  per  cent. 
36  miles  per  hour,  60  per  cent. 
Less  than  36  miles  per  hour  rejected. 

41  miles  per  hour,  110  per  cent. 

42  miles  per  hour,  120  per  cent. 

43  miles  per  hour,  130  per  cent. 

44  miles  per  hour,  140  per  cent. 


5  The  speed  accomplished  during  the  trial  flight  will  be  determined  by  taking 
an  average  of  the  time  over  a  measured  course  of  more  than  five  miles,  against  and 
with  the  wind.  The  time  will  be  taken  by  a  flying  start,  passing  the  starting  point 
at  full  speed  at  both  ends  of  the  course.  This  test  subject  to  such  addi- 
tional details  as  the  Chief  Signal  Officer  of  the  Army  may  prescribe  at  the  time. 

6  Before  acceptance  a  trial  endurance  ffight  will  be  required  of  at  least  one 
hour  during  which  time  the  flying  machine  must  remain  continuously  in  the  air 
without  landing.  It  shall  return  to  the  starting  point  and  land  without  any 
damage  that  would  prevent  it  inmiediately  starting  upon  another  ffight.  During 
this  trial  ffight  of  one  hoiu*  it  must  be  steered  in  all  directions  without  difficulty 
and  at  all  times  imder  perfect  control  and  equilibrium. 

7  Three  trials  will  be  allowed  for  speed  as  provided  for  in  paragraphs  4  and 
5.  Three  trials  for  endurance  as  provided  for  in  paragraph  6,  and  both  tests  must 
be  completed  within  a  period  of  thirty  days  from  the  date  of  delivery.  The 
expense  of  the  tests  to  be  borne  by  the  manufacturer.  The  place  of  delivery  to 
the  Government  and  trial  ffights  will  be  at  Fort  Myer,  Virginia. 

8  It  should  be  so  designed  as  to  ascend  in  any  country  which  may  be  encoun- 
tered in  field  service.  The  starting  device  must  be  simple  and  transportable.  It 
should  also  land  in  a  field  without  requiring  a  specially  prepared  spot  and  without 
damaging  its  structiu^. 

9  It  should  be  provided  with  some  device  to  permit  of  a  safe  descent  in  case 
of  an  accident  to  the  propelling  machinery. 

10  It  should  be  sufficiently  simple  in  its  construction  and  operation  to  per- 
mit an  intelligent  man  to  become  proficient  in  its  use  within  a  reasonable  length  of 
time. 

11  Bidders  must  furnish  evidence  that  the  Government  of  the  United  States 
has  the  lawful  right  to  use  all  patented  devices  or  appurtenances  which  may  be  a 
part  of  the  flying  machine,  and  that  the  manufacturers  of  the  flying  machine  are 
authorized  to  convey  the  same  to  the  Government.  This  refers  to  the  unre- 
stricted right  to  use  the  flying  machine  sold  to  the  Government,  but  does  not 
contemplate  the  exclusive  purchase  of  patent  ri^ts  for  duplicating  the  flying 
machine. 
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12  Bidders  will  be  required  to  furnish  with  their  proposal  a  certified  check 
amounting  to  ten  per  cent  of  the  price  stated  for  the  4(V-mile  speed.  Upon  making 
the  award  for  this  flying  machine  these  certified  checks  will  be  returned  to  the 
bidders,  and  the  successful  bidder  will  be  required  to  furnish  a  bond,  according  to 
Army  Regulations,  of  the  amount  equal  to  the  price  stated  for  the  40-mile  speed. 

13  The  price  quoted  in  proposals  must  be  understood  to  include  the  instruc- 
tion of  two  men  in  the  handling  and  operation  of  this  flying  machine.  No  extra 
charge  for  this  service  will  be  allowed. 

14  Bidders  mUst  state  the  time  which  will  be  required  for  delivery  after 
receipt  of  order. 

James  Allen 
Brigadier  General,  Chief  Signal  Officer  of  the  Armp 
Signal  Office, 

Wathington,  D.  C,  December  «S,  1907 
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APPENDIX  NO.  2 

SIGNAL  CORPS  SPECIFICATION,  NO.  483. 
Advertisement  and  Specification  roR  a  Dirigible  Balloon. 

Bidders  are  requested  to  read  carefvUy  every  paragraph  of  this  specification  and 
include  in  their  proposal  every  detail  called  for. 

To  the  public. — Sealed  proposals,  in  duplicate,  will  be  received  at  this  office 
until  12  o'clock  noon  on  February  15,  1908,  and  no  proposals  will  be  considered 
which  are  received  after  that  hour. 

Persons  wishing  to  submit  proposals  under  this  specification  can  obtain  the 
necessary  forms  and  envelopes  by  application  to  the  Chief  Signal  Officer,  United 
States  Army,  War  Department,  Washington,  D.C.  The  United  States  reserves  the 
right  to  reject  any  and  all  proposals. 

Unless  the  bidders  are  also  the  manufacturers  of  the  dirigible  balloon  they 
must  state  the  name  and  place  of  the  maker. 

Preliminary. — This  specification  covers  the  construction  of  a  dirigible  balloon, 
to  consist  of  a  gas  bag  supporting  a  suitable  framework  on  which  will  be  mounted 
the  necessary  propelling  machinery. 

Inspection. — The  Chief  Signal  Officer  of  the  Army  will  reserve  the  right  to 
inspect  any  and  all  processes  of  manufacture,  and  unsatisfactory  material  will 
be  marked  for  rejection  by  the  inspectors  before  assembling. 

Acceptance. — ^The  dirigible  balloon  will  be  accepted  only  after  a  trial  ffight, 
uuring  which  it  will  comply  with  alt  requirements  of  this  specification. 

GENERAL  REQUIREMENTS. 

The  general  dimensions  of  the  dirigible  balloon  will  be  determined  by  the 
manufacturer,  subject  to  the  following  conditions: 

1  The  gas  bag  shall  be  designed  for  inflation  with  hydrogen.  The  material 
for  the  gas  bag  shall  be  furnished  by  the  bidder,  and  shall  be  subject  to  approval 
by  the  Chief  Signal  Officer  of  the  Army,  and  must  have  a  minimum  breaking 
strength  of  not  less  than  62 1  pounds  per  inch  width  and  must  require  no  varnish. 
The  dimensions  and  shape  of  the  gas  bag  will  be  as  desired  by  the  manufacturer, 
except  that  the  length  must  not  exceed  one  himdred  and  twenty  (120)  feet. 

2  Inside  the  gas  bag  there  will  be  either  one  or  two  ballonets  having  a  total 
capacity  of  at  least  one-sixth  the  total  volume  of  the  gas  bag.  Leading  to  the 
ballonets  there  will  be  tubes  of  proper  size  connected  to  a  suitable  centrifugal 
blower  for  maintaining  a  constant  air  pressure  in  the  ballonets.  The  approved 
fabric  for  the  ballonets  must  have  a  minimum  tensile  strength  of  not  less  than  48} 
poimds  per  inch  width. 

3  Valves. — In  the  lower  part  of  the  ballonet  and  gas  bag,  or  on  the  ballonet 
air  tubes  near  the  gas  bag,  there  will  be  an  adjustable  automatic  valve  designed 
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to  release  air  from  the  ballonet  to  the  outside  atmosphere.  On  the  under  side  of 
the  gas  bag  there  will  be  a  second  adjustable  automatic  valve  of  suitable  size,  so 
designed  as  to  release  hydrogen  from  the  interior  of  the  gas  bag  to  the  outside 
atmosphere.  This  valve  will  also  be  arranged  so  that  it  may  be  opened  at  will 
by  the  pilot. 

4  In  the  upper  portion  of  the  gas  bag  there  will  be  provided  a  ripping  strip 
covering  an  opening  five  (5)  inches  wide  by  six  (6)  feet  long,  with  a  red  rip  cord 
attached  in  the  usual  manner  and  brought  down  within  reach  of  the  pilot  throu^ 
a  suitable  gas-tight  rubber  plug  inserted  in  a  wooden  ring  socket. 

5  The  suspension  system  and  frame  must  be  designed  to  have  a  factor  of 
safety  of  at  least  three,  taking  into  accoimt  wind  strains  as  well  as  the  wei^t 
suspended. 

6  A  type  of  frame  which  can  be  quickly  and  easily  assembled  and  taken 
apart  will  be  considered  an  advantage. 

7  The  balloon  must  be  designed  to  carry  two  persons  having  a  combined 
weight  of  350  pounds;  also  at  least  100  poimds  of  ballast,  which  may  be  used  to 
compensate  for  increased  weight  of  balloon  when  operating  in  rain. 

8  The  dirigible  balloon  should  be  designed  to  have  a  speed  of  twenty  miles 
per  hour  in  still  air,  but  bidders  must  submit  quotations  in  their  proposals  for 
cost  depending  upon  the  speed  attained  during  the  trial  flight  acording  to  the 
following  schedule: 

20  miles  per  hour,  100  per  cent. 
19  miles  per  hour,  85  per  cent. 
18  miles  per  hour,  70  per  cent. 
17  miles  per  hour,  55  per  cent. 
16  miles  per  hour,  40  per  cent. 
Less  than  16  miles  per  hour  rejected. 

21  miles  per  hour,  115  per  cent. 

22  miles  per  hour,  130  per  cent. 

23  miles  per  hour,  145  per  cent. 

24  miles  per  hour,  160  per  cent. 

9  The  speed  accomplished  during  the  trial  flight  will  be  determined  by  taking 
an  average  of  the  time  over  a  measured  course  of  between  two  and  five  milea 
against  and  with  the  wind.  The  time  will  be  taken  by  a  flying  start,  passing  the 
starting  point  at  full  speed  at  both  ends  of  the  course.  This  test  subject  to  such 
additional  details  as  the  Chief  Signal  Officer  of  the  Army  may  prescribe  at  the 
time. 

10  Provision  must  be  made  to  carry  sufficient  fuel  for  continuous  operation  of 
the  engine  for  at  least  two  hours.  This  will  be  determined  by  a  trial  endurance 
flight  of  two  hours,  during  which  time  the  airship  will  travel  continuously  at  an 
average  speed  of  at  least  70  per  cent  of  that  which  the  airship  accomplishes  during 
the  trial  flight  for  speed  stated  in  paragraph  9  of  this  specification.  The  engine 
must  have  suitable  cooling  arrangements,  so  that  excessive  heating  will  not  occur. 

11  Three  trials  will  be  allowed  for  speed  as  provided  for  in  paragraph  9,  and 
three  trials  for  endurance  as  provided  for  in  paragraph  10,  and  both  tests  must 
be  completed  within  a  period  of  thirty  days  from  the  date  of  delivery,  the  expense 
of  the  testtf  to  be  borne  by  the  manufacturer.  The  place  of  delivery  to  the  Gov- 
ernment and  trial  flights  will  be  at  Fort  Myer,  Virginia. 
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12  Tlie  scheme  for  asoending  and  desoending  and  maintaining  equilibrium 
must  be  regulated  by  shifting  wei^^ts,  movable  planes,  using  two  ballonets  or  other 
approved  method.  Balancing  by  the  aSronaut  changing  his  position  will  not  be 
accepted. 

13  This  dirigible  balloon  will  be  provided  with  a  rudder  of  suitable  size,  a 
manometer  for  indicating  the  pressure  within  the  gas  bag,  and  all  other  fittings 
and  appurtenances  which  will  be  required  for  successful  and  continuous  flights, 
according  to  this  specification. 

14  Bidders  will  be  required  to  furnish  with  their  proposal  a  certified  check 
amounting  to  fifteen  per  cent  of  the  price  stated  for  the  20-mile  speed.  Upon 
making  the  award  for  this  airship  these  certified  checks  will  be  returned  to  bidders, 
and  the  succesitful  bidder  will  be  required  to  furnish  a  bond,  according  to  Army 
Regulations,  of  the  amount  equal  to  the  price  stated  for  20-mile  speed. 

15  Bidders  must  submit  with  their  proposals  drawings  to  scale  showing  the 
general  dimensions  and  shape  of  the  dirigible  balloon  which  they  propose  to  build 
under  this  specification;  the  horsepower  and  description  of  the  engine  which  will 
be  used  for  the  motive  power;  the  size,  pitch  and  number  of  revolutions  of  the  pro- 
pellers; drawing  illustrating  the  suspension  system  for  attaching  frame  to  gas  bag; 
horse  power  and  description  of  blower  for  forcing  air  into  ballonets;  voliune  of 
gas  bag;  volume  of  ballonets;  the  material  of  which  the  frame  will  be  constructed; 
size  of  valves,  etc.    Plans  received  will  not  be  shown  to  other  bidders. 

16  Bidders  must  furnish  evidence  that  the  Government  of  the  United  States 
has  the  lawful  right  to  use  all  patented  devices  or  appurtenances  which  may  be 
part  of  the  dirigible  balloon  and  that  the  manufacturers  of  the  dirigible  bal- 
loon are  authorized  to  convey  the  same  to  the  Government.  This  refers  to  the 
right  of  the  Government  to  use  this  dirigible  balloon  without  liability  for  infringe- 
ment of  other  inventors'  patents.  It  does  not  contemplate  the  exclusive  pur- 
chase of  patent  rights  for  duplicating  the  airship. 

17  Ilie  prices  quoted  in  proposals  must  be  imderstood  to  include  the  instruc- 
tion of  two  men  in  the  handling  and  operation  of  this  airship.  No  extra  charge  for 
this  service  will  be  allowed. 

Jambs  Allen 
Brigadier  Oeneral,  Chtef  Signal  Officer  of  the  Army 
Signal  Officb 
WaMngtan,  D.  C,  January  tl,  1908 
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Fjij.  4     Fiu^Ntii   LintiGfULK  '' \'ii  lk  de  Pahis" 
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FiQ.  8    Signal  Corps  Dirigible  No.  1,  in  Flight,  Fort  Mtsr,  Va., 
August    1908 


Digitized  by  VjOOQIC 


THE   PBB8ENT   STATUS   OF   MIUTARY    AERONAUTICS  699 


Fio.  9    Signal  Corps   Dirigible  No.   1,^in  Flight.  Fort^Mtsr    Va., 

August  1908 
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Fto.  12    SioKAi.  Corps  Dirigible  No.  1,  Showing  Detaius  of  Enqinb 
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17     Wright  Brothers'  ASroplane,  Fort  Myer,  Va.,  September  12 

1908 
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Fig.  18    Wright  Brothers'  AAroplanb,   Fort  Mtbr,  Va.,  Septembbr   12, 
1908.     Time  or  Flight,   1  Hr.,   14  Min.,  20  Sec. 
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Fw.  19    Wright  Brothers'   AftROPi-ANB,  Fort   Mter,  Va.,  September  12, 
1908.    Time  of  Flight,  1  Hr,,  14  Mm.,  20  sec. 
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Fig.  20    Wright  Brothers'  ACroplane,  Fort   Mter,  Va.,i_  Septembek    12 
1908.    Orville'- Wright  and   Passenger.    Time,   9   Min.,   6  Sec. 
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Fig.  24    Farman  A£hoplane 


'Fig.  25     "June  Bug"  Aeroplane,  Hammondsport,  N.  Y.     Aj^rial   Experi- 
ment Association 
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DISCUSSION 

Dr.  W.  J.  Humphreys  The  point  I  am  to  discuss  primarily  is  the 
coimection  of  the  winds  with  flying  machines.  It  will  be  very 
important  for  practical  navigators  of  the  air  to  have  maps  of  the 
winds.  Such  maps  are  issued  certainly  once  a  day,  and  may  be  had 
twice  a  day,  or  even  more  frequently,  if  there  be  a  call  for  them,  as  I 
fancy  there  will  soon  be  on  account  of  the  development  of  the  fl3dng 
machine.  That  is  evident  to  every  one,  but  there  are  one  or  two 
points  with  which  perhaps  you  are  not  quite  so  familiar. 

2  We  find  that  there  is  often  a  great  difference  in  the  direction 
of  the  winds  as  we  ascend.  I  have  seen  the  wind  change  in  direction 
by  as  much  as  30,  45  or  even  90  deg.,  at  an  elevation  of  not  more  than 
1000  ft.,  and  in  one  or  two  instances  I  have  seen  winds  differ  in  direc- 
tion by  as  much  as  180  deg.,  at  a  distance  of  1000  ft.  above  the  surface 
of  the  earth.  It  will  be  necessary  to  take  account  of  these  facts  in  the 
navigation  of  the  atmosphere. 

3  The  winds  change  greatly  in  velocity  also,  at  short  distances 
above  the  surface  of  the  earth.  We  find  by  experiment  with  kites 
and  balloons  that  near  the  surface  of  the  earth  the  air  is  exceedingly 
turbulent,  after  the  order  of  a  choppy  sea,  but  at  distances  of  600  ft. 
or  over,  it  is  more  like  regular  billows,  while  at  an  elevation  of  1000  ft. 
the  wind  is  practically  steady.  Here  the  aeronaut  would  neither  be 
in  reach  of  the  billows  nor  run  into  the  ruts  and  hills  and  bumps  of 
the  invisible  air. 

4  The  direction  of  the  wind  can  frequently  be  determined  by 
simply  observing  the  clouds.  That  will  be  an  aid  for  the  practical 
navigator,  but  these  changes  are  different  at  one  place  from  what 
they  are  at  another  place,  and  that  the  practical  navigator  himself 
will  have  to  watch.  Maps  cannot  be  made  for  this  particular  purpose, 
but  what  we  can  get  from  the  map  primarily  is  where  the  storms  are 
and  from  what  direction  the  winds  will  be  likely  to  come  for  ten  or 
fifteen  hours.  We  have  found  that  around  the  center  of  the  cyclonic 
storm,  winds  will  blow  in  the  northern  hemisphere  counter-clockwise, 
so  knowing  the  position  he  is  in  with  reference  to  the  center  of  the 
storm,  the  observer  can  determine  the  direction  in  which  the  winds 
will  blow.  In  this  section  of  the  country  the  winds  which  run  at  all 
high  in  summer  always  blow  practically  parallel  to  the  coast  line  from 
New  York  to  Boston,  while  in  winter  the  upper  winds  are  more  nearly 
directed  towards  the  ocean.  That  may  be  of  importance  for  the 
practical  navigator  to  take  into  consideration. 


Digitized  by  VjOOQIC 


718  t>RE&EN*r   STATUS  OF   mLTTARY   AERONAUTICS 

5  There  are  many  more  points  of  this  type  that  I  might  bring  out, 
but  1  believe  these  are  really  the  salient  ones. 

Prof.  John  A.  Brashear,  who  was  intimately  associated  with 
Professor  Langley  for  three  years,  in  his  scientific  researches,  wished 
to  emphasize  the  recognition  given  Ms  work  by  Major  Squier,  and  thus 
to  pay  a  debt  of  gratitude  to  a  man  whom  he  considered  one  of  the 
greatest  physicists,  as  well  as  one  of  the  most  generous  men  of  this 
country. 

2  Par.  159,  on  the  most  advantageous  speed  and  angle  of  flight, 
had  recalled  to  him  the  very  large  number  of  experiments  made  by 
Professor  Langley  to  determine  these  two  important  points.  Pro- 
fessor Langley  invented  a  machine,  which  he  called  a  dynanometer- 
chronograph,  to  record  all  the  experiments  which  he  made,  and  to  his 
honor  be  it  said  that  he  started  into  the  work  not  for  the  purpose  of 
building  a  fljdng  machine,  but  of  determining  the  law  of  flight,  and  he 
repeated  his  experiments  time  and  time  again  and  sent  nothing  into 
the  world  of  which  he  was  not  practically  certain;  just  as  in  sending 
out  Us  experiments  on  the  absorption  of  the  atmosphere  as  a  factor  in 
the  possibility  of  life  on  the  earth,  he  was  as  particular  with  the 
data  in  regard  to  the  former  as  with  reference  to  the  latter. 

3  Professor  Brashear  referred  to  Professor  Langley 's  failure  in 
attempting  the  last  flight  with  bis  aeroplane,  and  to  the  unfortunate 
publication  of  unjust  reports  which  did  so  much  to  check  his  career 
and  wreck  his  life.  He  said:  "  I  want  to  add  one  word  more,  and  that 
is  the  sad  side  of  it.  We  have  heard  of  Fulton's  being  stoned  when  he 
started  Us  steamboat  and  of  the  anathemas  hurled  at  the  men  who  have 
been  pioneers  in  the  advancement  of  the  world's  knowledge.  I  went 
into  the  Smithsonian  Institution  just  after  Mr.  Langley 's  unsuccessful 
flight  on  the  Potomac.  Mr.  Langley  heard  my  voice  in  the  outer  oflSce 
and  came  in  to  me,  taking  my  hand,  with  bowed  head.  'Mr.  Brazier,' 
as  he  always  called  me,  '  Come  in,  I  want  to  talk  to  you. '  Picking 
up  two  little  pieces  of  steel  broken  from  an  original  piece  and  handing 
it  to  me  he  said, '  Here  is  what  has  wrecked  my  life.  My  life-work  is 
a  failure,  this  broke,  and  turned  my  sUp  into  the  Potomac  instead 
of  up  into  the  air. '  And  that  man  could  not  be  aroused  from  his 
lethargy  and  depression.  I  said  to  Um,  'Professor  Langley,  your 
work  in  the  study  of  the  earth's  atmosphere  and  the  possibility  of  life 
is  enough  for  one  man  to  do;'  but  it  was  no  consolation  to  Um. 

4  "Let  us  not  forget  to  say  a  few  kindly  words,  even  in  the  failure 
of  men,  and  to  remember  that  a  great  part  of  this  life  and  of  our 
success  in  it  is  made  up  of  our  seeming  failures." 
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Mr.  Geo.  L.  Fowler,  who  was  also  associated  with  Professor 
Langley,  gave  a  few  reminiscences  of  his  work,  outlining  it  as  follows: 

2  Professor  liangley  started  with  the  idea  of  determining  the 
resistance  and  lifting-power  of  various  types  of  aeroplanes.  He 
started  with  the  simplest  of  little  instruments,  which  he  projected  from 
the  balcony  of  the  Smithsonian  Institution  down  into  the  larger  room 
beneath.  These  experiments  developed  first  a  motor-driven  machine, 
for  which  he  used  the  contraction  of  a  rubber  band,  and  then  supple- 
mented the  work  which  I  believe  he  had  already  begun  at  the  Alle- 
gheny Observatory,  by  establishing  a  whirling  table  in  the  lower  part 
of  the  Smithsonian  Institution  by  which  he  measured  the  resistance 
and  lifting-power  of  the  wings  of  various  types  of  birds  and  almost 
every  conceivable  shape  and  form  of  aeroplane,  and  also  obtained  the 
propelling-power  of  various  t3rpes  of  propellers  fit  for  use  in  the  air. 
On  one  occasion  he  built  a  large  propeller  mounted  on  a  hand-car 
which  he  used  on  the  Pennsylvania  Railroad,  and  obtained  possession 
of  a  small  track  on  which  he  drove  that  car  for  several  days  in  order  to 
obtain  the  resistance  of  the  car  and  also  the  propelling-power  of  the 
machine. 

3  I  think  it  was  only  after  the  first  successful  flight  of  his  motor- 
driven  aeroplane  that  Professor  Langley  realized  the  importance  of 
balance.  Any  one  who  has  seen  Orville  Wright  drive  his  machine 
at  Fort  Myer  must  recognize  after  witnessing  it  for  even  a  few  minutes 
the  absolute  control  which  he  seems  to  possess  over  the  machine,  and 
if  any  here  had  been  present  at  one  of  the  flights,  and  had  been 
invited  to  take  a  ride  with  Mr.  Wright,  they  would  have  gone  with 
perfect  confidence.  The  machine  started  down  a  slight  incline  or 
monorail,  rose,  and  apparently  gave  a  slight  dip — it  looked  to  me  as 
though  he  had  his  upper  wings  elevated  to  give  him  the  rising  power, 
found  himself  rising  too  suddenly,  turned  back  and  after  a  slight 
hesitation  flew  away.  The  steering  of  the  machine  was  under 
absolutely  perfect  control.  One  thing  about  the  Wright  machine  I 
think  Professor  Langley  overlooked  in  his  early  experiments.  In  all 
early  work  and  in  the  publications  of  the  Smithsonian  Institution,  the 
principle  of  the  bird  soaring  on  motionless  wings  was  repeated  again 
and  again.  Now  an  eagle  soaring  high  above  the  earth  appears  to  be 
on  motionless  wings;  but,  if  you  will  watch  a  buzzard  rising  over  the 
land,  or  stand  at  the  stern  of  an  ocean  steamer  and  watch  the  gulls 
following  it,  you  will  see  that  they  do  identically  the  same  thing  as  a 
boy  walking  on  a  railroad  track  or  a  tight  rope  walker  on  the  rope 
with  a  balancing  pole — ^the  soaring  bird  with  his  wings  out  is  constantly 
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making  sudden,  quick  motions.  That  point,  which  Professor  Langley 
faUed  to  overcome,  the  Wright  Brothers  overcame  by  a  slight  warp  in 
the  upper  wing,  which  has  been  one  of  the  causes  of  the  success  which 
they  have  obtained. 

4  Professor  Langley  found  on  his  first  experiment  that  balancing 
was  a  great  necessity.  In  his  first  machine,  the  weights  were  care- 
fully calculated  in  order  to  determine  the  exact  specific  gravity  of  the 
whole  thing,  and  then  a  small  hollow  tin  can  four  or  five  inches  in 
diameter  and  six  or  seven  inches  long  was  placed  on  the  bowsprit  to 
lower  the  specific  gravity  to  such  an  extent  that  the  whole  machine 
would  float  if  dropped  into  the  water.  When  first  cast  off,  the  can 
was  pretty  well  forward,  and  the  machine  promptly  made  a  dive 
head-foremost  down  into  the  Potomac.  Next  the  can  was  moved  back 
four  or  five  inches,  throwing  the  center  of  gravity  back  so  much 
further  that  the  machine  went  up  into  the  air  and  dropped  back  tail- 
foremost  into  the  water.  Then  the  can  was  again  shifted  to  a  point 
about  halfway  between  the  two,  and  when  cast  off  the  third  time  it 
swung  around  in  a  circle  and  flew  off  for  a  distance  of  three-quarters 
of  a  mile.  That  was  the  first  successful  flight,  and  the  beginning  of 
the  application  of  balance,  the  self-limiting  balance. 

5  In  his  first  experiments  Professor*  Langley  worked  along  the 
lines  of  least  resistance  and  lowest  weight.  Everything  about  the 
aeroplane  was  of  the  lightest  possible  type;  what  he  wanted  was  to  fly, 
and  the  consideration  of  stress  of  material  would  come  later;  as  a 
matter  of  fact  in  calculating  his  stresses  he  ran  them  up  almost  to  the 
breaking-point  of  the  material,  so  that  there  was  practically  no  factor 
of  safety,  and  perhaps  this  was  one  of  the  causes  of  his  later  failure. 

6  I  remember  once  a  gentleman  sa3dng  to  him,  in  discussing  his 
boiler, "  Well,  Professor  Langley,  that  boiler  will  make  steam,  butitwill 
be  very  uneconomical  in  the  use  of  fuel. "  "  Never  mind  that,  we  will 
bum  gold  under  the  boiler,  if  necessary.  What  we  want  is  steam, " 
was  the  reply.  The  result  on  the  first  successful  machine  was  a  very 
great  steam  producer,  but  at  the  same  time  a  very  uneconomical  boiler 
in  the  use  of  fuel.  "BBs  engine  was  of  the  simplest  possible  type,  a  little 
engine  with  a  cylinder  of  about  33  mm.  diameter,  73  mm.  in  stroke. 
Everything  about  the  work  was  done  on  the  metric  system.  He 
succeeded  in  developing  about  one  horse  power.  The  cylinder  of  the 
engine  was  a  small  steel  tube,  about  one  millimeter  thick,  and  as  the 
steel  would  not  make  a  good  bearing  siuiace  for  the  piston  to  move 
backwards  and  forwards  in,  he  bushed  it  with  a  cast  iron  bushing  of  the 
same  thickness,  which  gives  some  idea  of  the  delicacy  of  his  work. 
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The  pump  that  he  used  to  force  circulation  in  the  boiler  was  of  the 
same  small  and  delicate  type.  The  only  thing  about  the  machine 
really  efficient  from  the  standpoint  of  the  steam  engineer  was  his 
burner.  He  realized  that  he  must  burn  his  fuel  to  get  as  high  a 
temperature  as  possible,  and  spent  a  great  deal  of  time  in  developing 
his  burner,  which  was  exceedingly  efficient,  and  with  that  small 
machine  of  about  14  ft.  span  of  wings,  he  succeeded  in  making  a 
successful  preliminary  ffight  and  the  machine  did  repeat  this  flight 
on  several  occasions  afterwards. 

7  That  is  a  brief  outline  of  what  he  attempted  to  do  and  what  he 
really  succeeded  in  doing,  but  beyond  that,  the  science  of  air  dynamics 
has  probably  been  worked  in  more  thoroughly  by  Professor  Langley 
than  by  any  other  man,  and  it  is  doubtful  if  any  one  will  ever  devote 
so  much  time  and  energy  to  the  solution  of  a  scientific  problem  that 
promises  so  little  in  the  way  of  practical  results,  as  did  Professor 
Langley  when  he  undertook  to  find  out  the  true  theory  of  flight. 
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No.  1211 

A  METHOD  OF  OBTAINING  RATIOS  OF 
SPECIFIC  HEATS  OF  VAPORS 

Bt  a.  R.  DODQBy  ScHSNECTADTy  N.  Y. 

Member  of  the  Society 

The  general  method  of  using  the  throttling  calorimeter  to  deter- 
mine the  average  value  of  specific  heat  is  to  supply  the  high  pressure 
side  with  steam  from  which  practically  all  moisture  has  been  elimi- 
nated.    Neglecting  radiation: 

Hj  -  H,  +  Cp,  (T,  sup  -  r,  sat) 

where  H  is  the  total  heat;  T  the  temperature  in  degrees  fahr. 

2  Values  determined  in  this  way  by  several  authorities  show  an 
increase  of  Cp  with  increasing  superheat,  but  as  has  already  been 
pointed  out  by  others*  the  values  of  total  heat  given  in  the  steam 
tables  have  been  found  too  unreliable  to  permit  of  accuracy  in 
such  determinations. 

3  The  following  method,  using  the  throttling  calorimeter  for 
determining  the  ratios  of  the  specific  heats  at  various  pressures  and 
superheats,  has  not  involved  the  use  of  the  steam  tables,  and  is  there- 
fore not  open  to  errors  from  that  source. 

4  Instead  of  keeping  the  pressure  and  the  temperature  on  the 
high  pressure  side  of  the  calorimeter  constant,  both  pressures  are  kept 
constant  and  both  temperatures  are  allowed  to  vary,  the  steam 
always^  remaining  superheated,  thereby  avoiding  errors  due  to  mois- 
ture when  the  steam  is  assumed  to  be  dry  and  saturated  in  its  initial 
condition. 


>  Peake:  Proceedings  of  Royal  Institute,  June  28,  1905,  p.  201;  Denton:  Ste- 
vens' Indicator,  October  1905,  p.  383. 

Presented  at  the  New  York  Meeting  (December  1908)  of  The  American  Society 
of  Mechanical  Engineers. 
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5  In  the  experiments  of  Grindley,  Griessmann  and  others,  steam 
assumed  to  be  dry  and  saturated  at  a  pressure  P  denoted  by  A  is 
more  and  more  throttled,  the  various  low  side  data  being  represented 
by  the  curve  AA'  (Fig.  1).     A  second  test  gives  another  curve  BB'. 
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Fig.  1    Old  and  New  Methods  of  Determination  of  Variations  in  Specific 

Heat 


Each  of  these  is  a  curve  of  constant  total  heat,  and  the  value  of  the 
total  heat  of  either  of  them  is  that  of  saturated  steam  at  the  corre- 
sponding point  A  or  B, 

6  The  difiference  between  the  total  heats  at  A'  and  at  B'  can  then 
be  divided  by  the  temperature  difference  A'B'  to  give  Cp. 

7  The  Author,  on  the  other  hand,  finds  a  number  of  "poxrz  of  points, 
A'A'^  B'B",  C'C,  etc.,  during  a  run,  and  uses  the  points  A'  and  B' 
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instead  of  A  and  B  to  determine  the  difference  in  total  heat  between 
A"  and  B".  In  this  way  the  use  of  a  steam  table  and  the  assump- 
tion of  dry  steam  are  avoided,  but  the  results  of  the  test  must  be 
expressed  in  terms  of  the  values  of  C^  at  the  standard  pressure  P', 
which  was  usually  15  lb.  per  square  inch.  In  other  words  ratios 
are  obtained,  instead  of  absolute  values. 

8  The  fact  that  it  is  very  difficult  to  make  sure  that  the  steam  is 
really  dry  to  start  with,  makes  this  method  much  better  than  the  old, 
even  if  there  were  no  errors  in  the  total  heats  given  in  the  steam 
table. 

9  The  two  pressures  being  constant  through  a  run,  the  only  vari- 
ables are  the  high  side  temperatures  (A'^P*,  B^f^  etc.)  and  the  low 
side  temperatures  (A'P',  B'P',  etc.).     If  the  first  of  these  are  plotted 


Fig.  2    Graphical  Mbthod  of  Locating  Linb«  the  Slopb  of  which  Indicates 
Variations  in  Specific  Heat 

as  abscissae  and  the  second  as  ordinates.  a  smooth  curve,  Fig.  2,  can 
be  drawn  which  is  characteristic  of  the  two  pressures.  The  slope  of  a 
line  drawn  between  any  two  points  of  this  curve  is 


B'P'  -  A'P' 
B"  P"  -  A"  P" 


[1] 


Now  from  Fig.  1,  between  the  temperatures  A*  and  B",  the  average 
specific  heat 


Cp, 


total  heat 


^B  —  ^Jl 


temp.  B"  P"  "  A"  P" 

and  between  the  temperatures  A'  and  B'  the  average  specific  heat 
total  heat  ^3  —  H^ 


Cpj- 


temp. 


B'P[  "  A'P' 
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As  the  total  heats  are  equal 

which  is  the  same  value  as  that  found  for  the  slope  in  equation  1. 
Therefore  variations  of  curvature  shown  in  Fig.  2,  or  variations  in 
the  tangent  of  the  angle  between  a  line  connecting  two  points  of  the 
curve  and  the  horizontal,  are  a  measure  of  the  variations  in  the  spe- 
cific heats  between  two  pressures  at  varying  superheats. 

10  In  this  way  a  series  of  curves  for  different  initial  pressures 
in  the  calorimeter  can  be  derived,  showing  the  variation  of  Cp  with 
relation  to  a  standard  pressure.  The  characteristic  line  Fig.  6, 
for  15  lb.  pressure  must  pass  through  the  origin  at  46  deg.,  for 
as  there  is  no  pressure  change  in  the  calorimeter  under  this  con- 
dition, 

Cv 

-p^  =  tangent  a  =  1 

CPj 

DEBCRiPTlON  OP  APPARATUS 

11  The  general  arrangement  of  boilers,  calorimeter,  etc.,  used  in 
these  tests  is  shown  in  Fig.  3  and  4.  This  calorimeter  was  designed 
after  two  years  of  experimental  work,  during  which  improvements 
were  made  to  eliminate  radiation,  conduction,  thermometer  errors, 
temperature  lag,  and  errors  in  temperature  due  to  velocity  of  the 
steam  jet.  The  water  was  forced  by  a  high  pressure  pump  into  two 
flash  boilers  connected  in  series,  by  means  of  which  the  superheat 
could  be  raised  to  any  desired  amount. 

12  The  steam  was  then  passed  to  the  separator  drum  jS  at  which 
the  temperature  was  controlled  by  injecting  water.  The  pressure 
and  temperature  entering  the  high  pressure  side  B  of  the  calorimeter 
were  held  constant  with  practically  no  variation. 

13  The  low  pressure  side  of  the  calorimeter  was  jacketed,  and  the 
steam  in  the  jacket  was  held  at  nearly  the  same  temperature  as  the 
exhaust  from  the  calorimeter  by  means  of  a  superheated  steam  supply 
at  atmospheric  pressure.  The  steam  passing  through  the  calorimeter 
was  weighed  after  being  condensed,  and  Fig.  5  shows  the  relation 
between  the  absolute  pressure  on  the  high  side  and  the  steam  flow. 

14  Orifices  of  two  sizes  were  used,  the  diameters  of  which  were 
0.052  in.  and  0.1  in.    The  object  of  using  the  larger  orifice  was  to  elimi- 
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nate  the  effect  of  possible  radiation,  although  in  addition  to  jacket- 
ing the  low  pressure  chamber,  the  jacket  was  thoroughly  lagged  with 
magnesia.     No  different  results  were  obtained,  however,  when  using 


Bapheater  for  Jacket  Btoam 
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FlQ.  4     ThROTTUNQ  CALORniETER 

the  larger  orifice,  indicating  that  radiation  was  negligible.  The  ques- 
tion of  radiation  was  further  investigated  by  measuring  the  drop  in 
superheat  in  the  steam  from  one  chamber  of  the  calorimeter  to  the 
other,  with  the  same  steam  flows  as  during  the  regular  tests  but  with 
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no  drop  in  pressure,  as  the  orifice  was  entirely  removed  from  the  calori- 
meter. These  tests  indicate  that  there  is  a  slight  correction  in  spite  of 
all  precautions,  but  of  such  small  limits  that  the  ratio  of  the  specific 
heats  is  not  affected. 

16  Each  of  the  varying  pressure  tests,  of  which  there  are  86,  was 
run  from  six  to  eight  hours,  each  initial  temperature  point  being  held 
constant  for  about  one  hour.  All  pressures  on  the  high  pressure  side 
were  held  constant  by  means  of  spring  gages  calibrated  before  and 
after  each  test,  using  a  reliable  dead  weight  tester. 

16  The  pressure  on  the  exhaust  side  of  the  calorimeter  was  held 
at  16  lb.  abs.  by  means  of  a  U-tube  gage  filled  with  mercury.  The 
piping  connecting  this  U-tube  to  the  low  pressure  chamber  was  closed 
at  the  end  and  holes  were  drilled  through  the  pipe  to  avoid  a  possible 
error  from  the  velocity  head  of  the  steam  jet  through  the  orifice.  Tests 
were  also  made  with  166,  8.12  and  2.97  lb.  abs.  on  the  low  pressure 
side. 

17  The  temperature  was  held  constant  by  means  of  a  calibrated 
thermometer  on  the  high  pressure  side.  The  stem  of  this  thermome- 
ter was  packed  where  it  passed  through  the  calorimeter  waU,  and  the 
bulb  placed  in  direct  contact  with  the  steam.  Another  calibrated 
thermometer  was  also  used  in  the  high  pressure  chamber  as  a  check. 
Stem  corrections  were  applied  in  accordance  with  the  following 
formula,  which  has  been  fully  verified  for  such  conditions: 

Correction  -=  (T^  -  T,)  (T^  -  T^)  0.000087  deg.  fahr. 
where 

Tj  «  observed  reading  of  the  chamber. 

Tj  »  reading  just  visible  above  chamber  casing. 

r,  —  temperature  of  exposed  stem. 

18  The  thermometers  were  frequently  calibrated  in  wet  steam 
supplied  to  a  drum  at  pressures  up  to  600  lb.  These  pressures  were 
determined  and  held  at  the  correct  value  by  a  dead  weight  testing 
apparatus.  The  correct  temperature  at  these  pressures  was  deter- 
mined by  thermometers  calibrated  by  the  Bureau  of  Standards  at 
Washington.  The  thermometers  were  also  corrected  for  pressure  on 
the  bulb  by  the  subtraction  of  1  deg.  fahr.  for  each  100  lb.  gage 
pressure,  a  correction  determined  by  separate  experiments  in  connec- 
tion with  ^hese  tests. 

19  The  thermometers  on  the  low  pressure  side  were  also  placed 
directly  in  the  steam  and  properly  packed  to  prevent  leakage  aroimd 
the  stem. 
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METHOD  OF  MAKING  TESTS 

20  Readings  were  not  tecorded  until  the  apparatus  was  thoroughly 
heated  and  conditions  constant. 

21  In  order  to  prevent  temperature  lag,  the  initial  conditions  were 
held  constant  for  an  hour  if  necessary  and  frequent  readings  taken  on 
the  lower  temperature  T,.  The  initial  temperature  could  be  con- 
troUed  within  one-half  a  degree  of  the  desired  value.  There  was  no 
variation  in  the  initial  and  final  pressures  which  were  both  controlled 
by  throttling.  After  all  conditions  had  remained  constant  over  a 
satisfactory  period  the  superheat  on  T^  was  changed  and  the  operation 
was  repeated,  the  pressure  conditions  remaining  unchanged. 
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22  The  maximum  velocity  of  the  steam  in  the  separator  drum  after 
the  water  was  injected  was  never  greater  than  -^  ft.  per  second ; 
therefore,  approximately  four  seconds  elapsed  while  the  steam  was 
passing  through  the  drum,  giving  the  highly  superheated  mixture 
suflScient  time  to  become  of  uniform  temperature.  The  small  quan- 
tity of  water  injected,  together  with  the  fact  that  there  were  three 
drip  pipes  between  the  water  orifice  and  the  thermometer  on  the  high 
pressure  side,  as  well  as  the  location  of  the  thermometer  bulbs  opposite 
the  jacketed  orifice,  all  indicate  that  the  temperature  of  the  sample 
admitted  to  the  orifice  was  correctly  observed. 

23  In  order  to  investigate  the  effect  of  the  kinetic  energy  of  the 
steam  jet  in  the  low  pressure  side,  four  screens  of  fine  copper  gauze 
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were  placed  in  series  in  the  path  of  the  jet  between  the  orifice  and  the 
low  pressure  thermometers,  but  the  same  results  were  obtained  with- 
out the  screens  by  raising  the  thermometers  out  of  the  path  of  the  jet. 
24  The  results  of  35  runs  made  with  the  apparatus  in  its  final 
form  are  shown  in  the  accompanying  table.     A  few  characteristic 


FiQ.  6  Diagram  Suowinq  Relation  bbtwebn  Tbmpbraturbs  in  High  and 
Low  Pressubb  Chambers.  The  Tangents  of  these  Lines  Indicate  the  Law 
OP  Variation  of  Specific  Heat  with  Pressure  and  Temperature. 

tests  have  been  plotted  in  curve  form,  in  Fig.  6.  The  deviation 
from  a  straight  line  is  slight,  but  even  this  amount  would  accoimt 
for  a  considerable  variation  in  C^  due  to  the  temperature  change. 
25  The  curvature  of  these  lines  thus  shown  graphically  is  brought 
out  arithmetically  in  the  table,  column  11.    To  avoid  magnified 
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TABLE  1     RESULTS  OF  36  RUNS 


Test 
No. 

Pi 

Pi 

Tisat 

Tr 

Tj 

Jacket 

Steam 
Flow 
Per 
Hour 

Dia. 

Orifice 

In. 

Pointe 

Slope 
Cpt 
Cp, 

35 

592.9 

166.4 

486.5 

698.1 

614.6 

605. 

82.0 

.062 

36 

604.8 

164.8 

487.9 

603.7 

619.7 

607. 

78.0 

.062 

680.8 

494.6 

487. 

84.0 

1-3 

1.190 

660.6 

468.3 

455. 

88.0 

2-4 

1.269 

638.9 

441.8 

445. 

92.0 

3-6 

1.297 

612.8 

406.4 

416. 

96.0 

37 

511.0 

166.0 

469.7 

604.3 

634.0 

620. 

66.0 

.062 

678.3 

607.0 

610. 

66.0 

1-3 

1.098 

661.9 

476.6 

480. 

62.0 

2-4 

1.196 

619.8 

437.0 

435. 

66.0 

3-6 

1.213 

498.3 

411.6 

415. 

63.0 

38 

316.9 

164.4 

423.6 

608.8 

656.0 

646. 

27.0 

.052 

591.0 

642.3 

630. 

27.6 

1-3 

0.921 

638.0 

489.8 

490. 

29.0 

2rA 

1.017 

506.8 

455.7 

460. 

29.7 

3-6 

1.027 

473.0 

423.1 

430. 

30.5 

39 

396.0 

164.6 

444.8 

607.2 

548.0 

636. 

38.0 

.062 

669.8 

614.6 

615. 

37.2 

1-3 

1.060 

606.8 

441.4 

446. 

38.4 

2-4 

1.160 

473.8 

404.2 

406. 

41.0 

40 

398.2 

16.0 

444.7 

606.8 

624.0 

615. 

43.0 

.062 

668.1 

477.0 

610. 

43.6 

1-2 

0.986 

483.7 

387.6 

382. 

46.0 

2-3 

1.202 

41 

394.8 

16.0 

443.2 

696.2 

624.2 

610. 

44.5 

.052 

663.0 

488.0 

480. 

45.0 

1-3 

1.167 

631.2 

448.3 

445. 

46.0 

2-4 

1.249 

605.2 

416.8 

416. 

48.5 

3-6 

1.400 

481.3 

378.6 

380. 

49.5 

42 

495.2 

16.0 

466.2 

606.6 

619.6 

615. 

66.0 

.062 

684.1 

492.8 

490. 

67.0 

1-3 

1.226 

662.6 

465.6 

450. 

67.5 

2-4 

1.301 

641.3 

437.1 

430. 

67.7 

3-6 

1.373 

616.2 

400.6 

400. 

62.0 

4-6 

1.600 

494.2 

366.6 

370. 

64.0 

43 

690.0 

15.0 

486.8 

603.3 

496.6 

486. 

76.0 

.052 

687.8 

476.6 

473. 

77.5 

1-3 

1.312 

672.4 

464.9 

446. 

79.0 

2-4 

1.382 

666.5 

431.8 

430. 

80.0 

3-6 

1.376 

633.9 

401.9 

415. 

83.0 

4-6 

1.331 

612.8 

374.9 

386. 

85.0 

44 

313.0 

15.0 

422.0 

606.7 

540.0 

626. 

32.6 

.052 

685.0 

620.0 

610. 

33.0 

1-3 

1.020 

658.7 

491.0 

486. 

33.5 

2-4 

1.174 

631.8 

467.6 

460. 

34.0 

3-5 

1.163 

506.6 

429.2 

420. 

34.6 

4-6 

1.J09 

484.3 

404.9 

415. 

36.6 

6-7 

0.988 

462.1 

376.3 

366. 

36.0 
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TABLE  1    RESULTS  OF  35  RUNS— Continued 


Teet 
No. 

Pi 

• 

P» 

Tisat 

Tr 

r. 

Jacket 

Steun 
Flow 
Per 
Hour 

DUme-< 

ter 
Oiifioe 

Point* 

Slope 
Cpt 
Cp, 

45 

212.4 

15. 

388.0 

604.5 

548.0 

525. 

19.0 

.052 

576.5 

525.0 

505. 

21.2 

1-^ 

0.927 

549.5 

497.1 

490. 

21.6 

2-4 

1.006 

522.8 

471.0 

455. 

22.0 

3-5 

1.020 

496.0 

442.5 

445. 

22.2 

4H> 

1.028 

469.3 

415.0 

415. 

22.5 

^7 

1.063 

438.3 

381.1 

375. 

23.0 

6-^ 

1.022 

418.0 

362.6 

855. 

23.5 

40 

112.4 

15. 

336.0 

450.2 
385.9 

409.0 
352.3 

405. 
345. 

10.0 
10.0 

.052 

47 

112.2 

15. 

336.0 

601.0 

572.3 

535. 

34.0 

.100 

570.0 

549.0 

565. 

32.0 

1-8 

0.048 

529.0 

504.0 

490. 

34.0 

2-4 

1.025 

498.3 

475.5 

475. 

35.0 

3-5 

1.016 

468.0 

442.0 

440. 

36.5 

4-6 

1.072 

411.0 

381.9 

375. 

37.5 

^7 

1.063 

374.5 

342.5 

330. 

38.5 

48 

65.3 

15. 

298.5 

565.5 

'539.1 

535. 

20.0 

.100 

524.0 

510.1 

500. 

20.5 

1-^ 

0.990 

473.0 

457.4 

450. 

22.0 

2-4 

1.019 

421.6 

405.8 

400. 

22.0 

3-5 

1.033 

370.5 

351.4 

355. 

23.0 

40 

216.6 
214.7 

15. 
15. 

387.8 

602.7 

Not  worl 
546.7 

ted  up 

.052 
.052 

50 

535. 

15.0 

560.2 

510.5 

510. 

16.5 

l-^ 

0.972 

517.9 

464.3 

455. 

17.0 

2-4 

1.150 

470.8 

407.7 

405. 

17.5 

3-5 

1.202 

429.6 

358.2 

855. 

19.0 

51 

505.0 

15. 

486.2 

595.0 

465.0 

465. 

51.0 

.052 

52 

595.3 

15. 

486.7 

599.3 

493.3 

487. 

52.0 

.052 

580.3 

468.0 

452. 

53.0 

1-8 

1.319 

667.4 

451.2 

440. 

53.0 

2-4 

1.730 

541.3 

400.5 

390. 

55.0 

3-5 

1.853 

509.5 

343.9 

340. 

55.0 

53 

594.9 

15. 

487.0 

599.0 

4C0.9 

490. 

45.0 

.052 

1-2 

1.450 

560.8 

435.6 

425. 

47.0 

2-3 

1.803 

520.1 

362.2 

360. 

50.0 

1-3 

1.630 

54 

215.7 

15. 

388.0 

600.0 

562.2 

550. 

65.0 

.100 

501.0 

456.0 

450. 

70.0 

1-3 

1.110 

459.0 

405.5 

400. 

70.0 

2-4 

1.208 

417.0 

354.6 

345. 

75.0 

55 

215.7 

15. 

388.5 

600.0 

562.2 

550. 

62.0 

.100 

521.0 

477.5 

470. 

63.0 

1-2 

1.071 

437.5 

381.3 

375. 

67.0 

»-3 

1.152 
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TABLE  1     RESULTS  OF  35  RUNS— Continued 


Test 
No. 


t 

Tisat 

Ti 

T, 

Jacket 

Steam 

Flow 

Per 

Hour 

Diam. 

Orifice 

in 

Points 

Slope 
Cpx 

466.6 

665.6 

469.0 

460. 

151.0 

.10 

524.6 

425.0 

420. 

153.5 

1-2 

1.451 

492.2 

373.6 

355. 

160.0 

2-3 

1.280 

387.7 

605.8 

662.7 

555. 

60.0 

.10 

579.2 

536.8 

516. 

65.0 

1-3 

0.973 

552.0 

510.4 

500. 

67.5 

2-4 

1.073 

626.8 

480.6 

475. 

67.5 

3-5 

1.222 

499.2 

445.9 

444. 

71.0 

4-6 

1.135 

462.8 

408.0 

405. 

70.0 

5-7 

1.122 

426.6 

364.4 

365. 

71.0 

387.1 

589.5 

546.5 

530. 

63.0 

.10 

536.0 

490.9 

483. 

65.0 

1-3 

1.082 

483.7 

432.0 

425. 

68.0 

2-4 

1.134 

441.3 

383.5 

380. 

69.0 

i66.7 

601.6 

617.0 

500. 

150.0 

.10 

575.2 

484.6 

480. 

150.0 

1-3 

1.284 

538.2 

435.5 

432. 

165.0 

2-4 

1.388 

518.2 

405.5 

400. 

157.0 

3-5 

1.521 

501.7 

380.0 

379. 

157.0 

4-6 

1.592 

480.5 

345.5 

345. 

160.0 

442.8 

54a.  4 

457.5 

435. 

120,0 

.10 

514.0 

425.2 

375. 

120.0 

1-3 

1.382 

482.6 

377.7 

310. 

125.0 

2-4 

1.541 

461.6 

344.4 

320. 

125.0 

424.4 

602.9 

545.0 

494. 

95.0 

.10 

576.8 

518.2 

485. 

95.0 

1-3 

1.204 

557.0 

489.7 

475. 

96.0 

2-4 

1.166 

525.5 

458.4 

430. 

97.5 

8-6 

1.059 

498.9 

428.2 

420. 

98.0 

4r6 

1.294 

472.7 

390.0 

365. 

98.0 

5-7 

1.476 

446.6 

351.0 

849. 

5100.0 

441.8 

601.8 

533.5 

515. 

117.0 

.10 

549.6 

474.4 

455. 

136.5 

1-2 

1.132 

471.9 

364.9 

360. 

140.0 

2-3 

1.409 

337.4 

605.4 

669.8 

565. 

34.0 

.10 

554.0 

523.1 

614. 

35.0 

1-3 

0.910 

501.1 

474.9 

460. 

36.0 

2-4 

0.990 

447.8 

418.0 

390. 

35.0 

3-6 

1.071 

395.5 

361.8 

366. 

36.0 

4  open- 

ings 

each 

488.0 

602.9 

492.1 

481. 

62.5 

.0139 

581.7 

465.0 

462. 

55.0 

1-3 

1.372 

555.1 

426.4 

421. 

67.6 

2-4 

1.400 

533.5 

397.4 

391. 

60.0 

3-5 

1.168 

502.0 

364.4 

366. 

60.0 

66 


57 


495.7 


216.8 


15.5 


15.0 


58 


216.8 


489.8 


15.0 


15.0 


60 


61 


392.0 


322.0 


15.0 


15.0 


62 


63 


386.0 


113.4 


15.0 


16.0 


64       689.7 


15.0 
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TABLE  1     R] 

SSULTS 

OF  35  RUNB-CoDtinued 

Tett 
No. 

P, 

Pt 

r,8»t 

r. 

Jacket 

Steam 
Flow 
Per 
Hour 

Diam.  1 
Orifioe  Points 
In.     1 

1 

Slope 
CP, 

4  open- 

ings 

each 

65b 

313.3 

2.97 

421.3 

690.3 

518.8 

500.0 

27.5 

.0139 

533.3 

462.3 

448.0 

27.5 

1-3 

1.058 

491.5 

414.2 

407.0 

30.0 

2-4 

1.197 

460.5 

375.1 

369.0 

30.0 

66 

315.8 

15.00 

423.0 

612.8 

544.5 

527.0 

20.0 

.0139 

581.6 

514.7 

601.0 

23.0 

1-3 

1.001 

548.8 

480.4 

461.0 

24.0 

2-4 

1.096 

516.5 

443.3 

432.0 

25.0 

3-5 

1.260 

484.6 

405.3 

398.0 

25.0 

4-6 

1.171 

452.4 

368.3 

365.0 

27.0 

67 

315.8 

15.00 

423.7 

621.0 

549.4 

528.0 

22.5 

.0139 

587.3 

517.4 

493.0 

23.0 

1-8 

1.021 

553.8 

480.7 

450.0 

25.0 

2-4 

1.020 

521.0 

442.5 

434.0 

25.5 

3-5 

1.146 

488.5 

405.9 

393.0 

26.0 

4-6 

1.160 

316.4 

15.00 

422.0 

455.5 
618.5 

366.5 
563.7 

360.0 
550.0 

26.0 
97.5 

68 

.10 

583.5 

527.0 

507.0 

99.0 

1-8 

1.104 

551.0 

480.1 

461.0 

100.5 

2-4 

1.177 

518.5 

450.5 

440.0 

103.0 

3-5 

1.210 

486.1 

410.0 

394.0 

102.5 

4-6 

1.355 

453.3 

362.1 

352.0 

105.0 

60 

315.8 

8.12 

421.5 

614.5 

558.2 

541.0 

90.0 

.10 

581.5 

523.0 

510.0 

92.0 

1-3 

1.120 

549.5 

485.3 

469.5 

95.6 

2^ 

1.170 

517.0 

447.5 

441.0 

99.0 

3-« 

1.214 

484.5 

406.3 

395.0 

101.6 

4-6 

1.372 

452.0 

358.2 

355.0 

105.0 

errors  in  the  derivative,  the  slope  is  taken  between  points  not  adja- 
cent, the  first  with  the  third,  the  second  with  the  fourth,  etc. 

26  EJach  test  is  considered  by  itself  rather  than  drawing  one  curve 
through  points  from  a  series  of  tests  made  under  the  same  initial  and 
final  pressures. 

27  The  discrepancy  of  two  or  more  tests  under  this  latter  method 
is  suflScient  to  obscure  the  tendency  to  slight  curvature  shown  by 
the  individual  tests. 

28  The  first  column  gives  the  test  number,  the  second  and  fifth 
the  high  side  conditions,  the  third  and  sixth  the  low  side  conditions, 
the  fourth  the  observed  saturated  temperature  with  initially  wet 
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Steam,  the  seventh  the  jacket  temperature,  the  eighth  the  steam  flow 
per  hour,  the  ninth  the  diameter  of  the  steam  orifice,  and  the  last 
column  the  slope  or  ratio  of  Cp  imder  the  high  side  condition  to  Cp 
under  the  low  side  condition.  Values  of  specific  heat  cannot  be 
deduced  from  these  tables  without  definite  initial  values;  with  the 
proper  initial  values  a  method  is  available  for  obtaining  complete 
curves  of  specific  heat  for  all  conditions. 

DISCUSSION 

Dr.  Harvey  N.  Davis*,  who  had  been  particularly  interested  in 
Mr.  Dodge's  work  because  of  its  possible  bearing  on  his  own  paper, 
following  it  on  the  program,  expressed  his  gratitude  to  Mr.  Dodge 
and  to  the  General  Electric  Company  for  the  opportunity  freely 
afforded  him  of  examining  the  apparatus  used  and  of  studying  care- 
fully for  some  weeks  the  original  records  of  the  observations.  He 
further  said: 

2  "Mr.  Dodge's  scheme  of  keeping  the  two  pressures  constant 
during  a  run,  together  with  the  extremely  ingenious  graphical 
method  which  he  has  devised  for  the  interpretation  of  his  results, 
are  a  notable  advance  in  the  technique  of  throttling  calorimetry. 
Indeed  they  are  among  the  most  original  contributions  in  that  field 
since  Professor  Peabody's  invention  of  the  instrument.  I  believe 
that  the  throttling  calorimeter  will  turn  out  to  be  the  most  sensitive 
and  valuable  instrument  at  our  disposal  for  the  investigation  of  the 
thermal  properties  of  superheated  steam  and  other  vapors.  Any 
future  experiments  with  it  ought  certainly  to  be  so  arranged  as  to 
be  immediately  available  for  discussion  along  the  lines  laid  down 
in  this  paper.  It  would,  of  course,  be  an  advantage,  could  the 
arrangement  be  such  as  to  facilitate  also  such  a  discussion  as  is 
suggested  in  the  paper  on  Total  Heats. 

3  "  Anyone  using  Mr.  Dodge's  data  should,  however,  be  warned 
of  the  necessity  of  making  certain  corrections  in  the  low-side  tem- 
peratures. The  usual  radiation  corrections,  which  can  be  deter- 
mined from  tests  which  he  made  for  that  purpose,  are  uniformly 
small,  seldom  exceeding  5  deg.  fahr.  But  even  with  these  correc- 
tions his  observations  afford  strong  internal  evidence  of  some  other 
as  yet  unexplained  error,  by  reason  of  which  the  low-side  tempera- 
tures still  run  consistently  low,  by  from  13  to  15  deg.  fahr.,  the 
amount  of  the  correction  being  almost  independent  of  the  circum- 

'  Proleesor,  department  ci  physics,  Harvard  University. 
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stances  of  the  tests.    A  detailed  discussion  of  these  observations 
will  soon  appear  in  another  place. 

4  "  In  conclusion,  the  straight-line  law  of  Mr.  Dodge's  first  paper 
is  obviously  only  a  rough  first  approximation  to  the  truth,  and  has 
no  theoretical  significance  whatever.  This  fact  needs  emphasis  because 
the  temptation  to  amuse  oneself  with  thermodynamic  manipula- 
tions based  on  a  simple  law  of  that  sort  is  very  strong.  It  is  true 
that  the  lines  on  Mr.  Dodge's  Fig.  6  are  very  nearly  straight,  but 
it  is  also  true  that  a  very  small  curvature  in  them  makes  a  very 
great  difference  in  any  conclusions  that  can  be  drawn  from  them  by 
the  usual  thermodynamic  processes.  And  it  can  be  proved  conclu- 
sively, both  from  Mr.  Dodge's  data  and  in  many  other  ways,  that 
there  actually  is  enough  curvature  in  them  to  make  the  contrary 
assumption  wholly  misleading." 

Dr.  Sanford  A.  Moss  Mr.  Dodge's  experiments,  as  weU  as  the 
throttling  experiments  of  Grindley,  Griessmann  and  Peake  are  exactly 
the  same  as  the  "  Porous  Plug"  experiments  made  by  physicists.  In 
any  such  experiment  there  is  throttled  expansion,  that  is,  expansion 
from  one  pressure  to  another  without  doing  any  work  and  without 
radiation  or  final  velocity,  the  "total  heat"  being  constant.  Under 
such  circumstances,  the  ideal  "perfect  gas"  would  remain  at  constant 
temperature.  Actual  gases  imder  most  circumstances  cool  when  they 
so  expand,  however,  and  experiments  of  the  type  under  consideration 
give  the  amount  of  this  cooling. 

2  I  have  made  considerable  study  of  the  law  connecting  this 
matter  with  specific  heat,  which  forms  the  basis  of  the  present  paper. 
The  following  statement  of  the  law  is  equivalent  to  that  given  in  the 
paper: 

3  Suppose  we  have  a  gas  at  a  given  pressure  P^  and  a  given  tem- 
perature A",  and  suppose  we  have  throttled  expansion  to  another 
pressure  P',  the  final  temperature  being  A\  Next  suppose  we  make  a 
small  addition  of  heat  at  constant  pressure  to  the  substance  when  at 
the  original  condition  so  as  to  give  a  small  temperature  increment 
5"  —  A^  at  pressure  P^.  Suppose  from  this  latter  condition  we  again 
have  throttled  expansion  to  the  previous  pressure  P',  the  difference 
between  the  final  temperatures  being  B'  —  A\ 

4  Since  the  amounts  of  total  heat  were  constant  during  the  two 
throttled  expansions,  the  amount  of  heat  which  gave  the  tempera- 
ture increment  B^  —  A^  at  temperature  P'  m  exactly  the  same  as  the 
amount  of  heat  which  would  give  the  temperature  increment  B'  —  A' 
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at  pressure  P'.  Hence  the  ratio  of  values  of  fcipecific  heat  at  constant 
pressure  at  the  two  points  is  the  inverse  of  the  ratio  of  temperature 
increments.  It  is,  of  course,  to  be  noted  that  the  two  points  whose 
specific  heats  are  thus  related  are  points  having  the  same  total  heat, 
that  is,  on  the  same  line  of  throttled  expansion. 

5  I  have  plotted  a  diagram  like  Fig.  6,  with  all  the  points  of  Table 
1,  for  15  lb.  final  pressure.  I  reduced  to  exactly  the  same  initial 
pressure  all  points  with  neighboring  values  of  initial  pressure,  by  a 
formula  given  later.  I  find  that  each  of  the  lines  for  a  given  initial 
pressure  is  a  straight  line  as  nearly  as  can  be  judged  from  the  rather 
irregular  points.  That  is  to  say,  when  points  from  all  tests  with 
neighboring  values  of  initial  pressure  are  plotted  together  as  in  Fig. 
6,  a  strcdght  line  well  represents  them,  instead  of  a  curved  line  as 
drawn  for  the  single  tests  in  Fig.  6.  From  these  straight  lines  I  have 
deduced  the  empirical  laws  mentioned  later.  These  laws  are  all 
based  on  the  results  given  in  Table  1  and  may  be  considered  as  mathe- 
matical expressions  well  representing  the  values  of  this  table. 

6  As  explained  later,  the  conclusion  that  the  lines  of  Fig.  6  are 
straight  means  that  the  ratio  of  the  two  values  of  specific  heat  at  the 
initial  and  final  pressures  is  constant  regardless  of  the  temperatures. 

7  The  plotted  points  are  so  irregular  that  I  question  the  advisabil- 
ity of  selecting  specific  pairs  of  points  and  finding  variable  ratios  for 
them,  as  Mr.  Dodge  does  in  the  last  two  columns  of  Table  1.  It  may 
be  that  the  lines  of  Fig.  6  are  not  exactly  straight  lines.  However, 
I  believe  a  definite  conclusion  one  way  or  the  other  cannot  be  drawn 
from  the  experiments  given,  owing  to  their  irregularity.  Hence 
straight  lines,  since  they  represent  the  points  as  weU  as  curved  ones, 
are  preferable  for  simplicity. 

8  Since  straight  lines  represent  the  points,  it  follows  that  incre- 
ments of  temperature  due  to  the  addition  of  the  same  amount  of  heat 
at  constant  pressure  at  two  given  pressures  have  the  same  ratio,  regard- 
less of  the  temperatures  involved.  That  is,  values  of  specific  heat  at 
two  given  pressures  have  the  same  ratio  regardless  of  the  tempera- 
tures, the  proviso  being  added,  howe\rer,  that  the  two  temperatures 
have  a  relation  to  each  other  in  that  they  are  produced  by  throttled 
expansion  between  the  two  given  pressures.  In  other  words,  the 
ratio  of  values  of  specific  heats  at  any  two  given  pressm-es  is  constant 
for  any  pair  of  temperatures  such  that  the  t^tal  heat  has  the  same 
value.  Hence,  if  lines  corresponding  to  constant  values  of  total 
heat  of  superheated  steam  be  drawn  on  a  curve  giving  values  of  C^ 
against  temperatures  for  given  pressures,  then  the  ratio  of  values  of 
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Cp  for  any  one  pair  of  pressures  will  be  the  same  for  each  pair  of 
points  on  a  constant  total  heat  line. 

9  If  the  results  of  throttling  experiments  are  plotted  as  in  the 
author's  Fig.  1,  the  straight  line  law  means  that  intercepts  between 
any  two  lines  of  "  constant  total  heat"  on  a  pair  of  constant  pressure 
lines,  bear  the  same  ratio  to  each  other.    That  is,  referring  to  Fig.  1, 


A'  JB'       A'  C 

This  ratio  is,  as  already  discussed,  the  inverse  ratio  of  values  of  Cp  for 
the  two  pressures  (at  temperatures  corresponding  to  the  same  total 
heat).  This  is  also  the  ratio  of  the  slopes  of  the  straight  lines  in 
the  figure  referred  to  similar  to  Fig.  6.  It  turns  out  the  actual  slopes 
have  very  closely  the  ratio, 

C^  _  1460  +  P, 
Cp,  "  1460  +  P, 

The  irregularity  of  the  points  makes  it  impossible  to  say  that  they 
give  this  law  exactly.  However,  they  are  closely  represented  by  it. 
It  will  be  interesting  to  apply  this  law  to  other  throttling  experiments. 

10  If  the  straight  lines  mentioned  are  continued  by  extrapolation, 
it  turns  out  that  they  all  intersect  at  877  deg.  fahr.  for  both  ordinate 
and  abscissa.  If  this  is  valid,  877  deg.  is  the  "temperature  of  inver- 
sion" for  steam  for  all  pressures.  For  temperatiu^s  above  this,  there 
is  heating  during  throttled  expansion,  such  as  is  well  known  to  occur 
with  hydrogen  at  ordinary  temperatures  and  which  prevented  its 
liquefaction.  For  temperatures  below  the  temperature  of  inversion, 
there  is  cooling  such  as  occurs  with  most  gases,  including  hydrogen  at 
low  temperatures.  Cooling  during  throttled  expansion  from  high 
pressures,  at  temperatures  below  the  temperature  of  inversion,  is  the 
usual  means  of  liquefaction  of  gases. 

11  Of  course,  this  exact  value  of  the  temperature  of  inversion 
may  be  incorrect.  '  Even  if  the  lines  are  practically  straight  for  the 
region  of  Fig.  6,  they  may  curve  enough  to  give  a  higher  value. 

12  The  combination  of  the  two  mathematical  laws  mentioned 
gives  as  the  relation  between  pressure  and  temperature  (that  is, 
the  equation  in  Fig.  1)  of  a  line  of  constant  total  heat  or  throttled 
expansion, 

(877  -  t)  (1460  +  P)  =  constant  =  (877  -  0  (1460  +P,)  .  .(.2) 
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Here  t  is  temperature  in  fahrenheit  degrees  and  P  is  absolute  pressure 
in  pounds  per  square  inch.  This  relation  gives  the  temperatures  at 
points  for  which  the  specific  heat  ratio  (1)  holds. 

13  Equation  (2)  is  the  general  law  of  cooling  for  porous  plug  or 
throttled  expansion  of  steam,  and  a  similar  law  probably  holds  with 
more  or  less  accuracy  for  other  gases.  Following  are  some  deduc- 
tions from  this  law  useful  in  thermodynamic  work  or  porous  plug 
work  such  as  that  of  Joule  and  Kelvin  or  Rose-Innes. 

14  The  explicit  relation  between  corresponding  drops  of  pressure 
in  pounds  per  square  inch  and  temperature  in  fahrenheit  degrees  is, 

f_^^iPi-P)  (877  >g 
1460  +  P 

15  The  corresponding  differential  coefficient  or  variation  of  tern* 
perature  with  pressure  for  constant  total  heat  is, 

877 -J^ 
P 

If  the  temperature  is  small  compared  with  877  and  if  the  pressure  is 
small  compared  with  1460,  as  is  the  case  when  the  initial  conditions 
are  nearly  atmospheric;  or  if  the  initial  temperature  and  the  final 
pressure  are  constant;  then  the  temperature  drop  is  directiy  propor- 
tional to  the  pressure  drop. 

16  For  aU  values  of  temperature,  if  the  pressure  is  small  com- 
pared with  1460  or  if  the  final  pressure  is  nearly  constant,  we  have 

«i  -  «  -  K  (Pj  -  P)  (877  -  g 

17  It  is  to  be  remarked  that  in  all  of  the  above  discussion,  the 
term  "  total  heat"  is  used  for  the  total  energy  which  has  been  put  into 
a  gas  to  bring  it  to  a  given  condition.  This  includes  the  internal 
energy  actually  present  as  molecular  vibration,  etc.,  as  well  as  the 
energy  expended  in  passing  the  gas  into  the  region  of  the  given  pres- 
sure. If  we  denote  total  heat  by  H  and  intern^  energy  by  U  and  if 
A  is  the  reciprocal  of  the  mechanical  equivalent  of  heat, 


/*\    ._877^ 
\dp/u      1460  + 


<''-  m. 


Total  heat  as  thus  defined  is  constant  during  porous  plug  or  throttled 
expansion. 

Note. — ^The  author  preferred  not  to  present  a  closure. — The  Editor. 
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THE  TOTAL  HEAT  OF  SATURATED  STEAM 

By  Dr.  Harvey  N.  Davis*  Cambridge.  Mass. 
Non-Member 

For  many  years  Regnault's  classic  formula,  now  61  years  old, 
which  gives  as  the  total  heat  of  saturated  steam 

H  =  1091.7  +  0.305  {i  -  32)  B.t.u. 

has  been  exclusively  used  by  engineers  in  this  .country.  This  is 
a  well  deserved  tribute  to  his  extraordinary  genius  and  painstaking 
skill — no  one  can  possibly  read  his  original  memoirs  without  a  new 
and  constantly  increasing  respect  and  admiration  for  him;  neverthe- 
less, the  remark  is  becoming  common  in  the  literature  of  engineering 
research  that  such  and  such  a  method  cannot  be  used  because  of  the 
well  known  errors  in  the  steam  table.  It  is  therefore  fortunate  that, 
at  least  in  the  range  from  32  to  212  deg.,  physicists  have  recently 
provided  a  considerable  number  of  good  observations  of  th^  total 
heat  of  saturated  steam  apparently  not  noticed  by  the  makers  of  our 
steam  tables.  It  is  equally  unfortunate  that,  in  all  these  years,  there 
seems  to  have  been  not  a  single  new  observation  above  the  boiling 
point.  It  is  the  purpose  of  this  paper  to  show  that  certain  ob- 
servations recently  made  for  very  different  purposes  can  be  com- 
bined to  give  a  better  set  of  values  of  H  above  212  deg.  than  do 
Regnault's  direct  measurements,  and  to  propose  a  new  formula  for 
the  range  from  212  to  400  deg.,  the  accuracy  of  which  is  believed  to  be 
something  like  0.1  per  cent.  If  these  results  are  correct,  Regnault's 
formula  is  too  high  by  more  than  18  B.t.u.,  or  1,7  per  cent  at  32  deg.; 
too  low  by  6  B.t.u.,  or  0.5  per  cent  at  275  deg.;  and  too  high  again 
above  380  deg.,  the  error  increasing  rapidly  at  high  temperatures. 

'  Professor  Department  of  Physics,  Harvard  University. 

Presented  at  the  New  York  Meeting  (December   1908)   of  The  American 
Society  of  Mechanical  Engineers. 
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2  Some  years  ago,  attempts  were  made  to  determine  the  variation 
of  the  specific  heat  of  superheated  steam  with  pressure  and  tempera- 
ture by  means  of  throttling  or  wire-drawing  experiments.  These 
attempts  failed  because,  as  the  observers  themselves  pointed  out,  the 
necessary  computations  were  extremely  sensitive  to  small  errors  in 
the  assumed  values  of  the  total  heat  of  saturated  steam.  Under 
unfavorable  circumstances,  an  error  of  0.1  per  cent  in  one  of  the  values 
in  the  steam  tables  might  make  a  difference  of  from  3  to  5  per  cent 
in  Cp.  It  is,  then,  evident  that,  knowing  Cp  independently,  one 
could  reverse  the  process  by  which  they  tried  to  get  it,  and  compute 
all  the  total  heats  in  terms  of  any  one  by  a  method  as  insensitive  to 
errors  in  the  assumed  data  as  the  other  was  sensitive.  This  process 
will  be  described  later. 

3  Fortunately,  since  these  experiments,  Cp  has  been  determined 
independently  and  directly  by  Knoblauch  and  Jakob  of  Munich  and 
by  Thomas  of  Cornell,  and  it  will  presently  be  shown  that  the  accuracy 
attained  by  them  is  sufficient  to  make  worth  while  such  a  recomputa- 
tion  of  the  wire-drawing  experiments. 

4  In  this  work  Knoblauch's  values  of  Cp  will  be  used  rather  than 
Thomas.'  Some  reasons  for  this  have  been  presented  to  the  Society 
in  connection  with  Heck's  recent  paper  on  The  Thermal  Properties 
of  Superheated  Steam,  and  need  not  be  repeated.  Any  not  per- 
suaded of  the  wisdom  of  that  opinion  may  still  have  considerable 
confidence  in  this  work,  not  only  because  of  the  general  insensitiveness 
of  the.  method  to  errors  in  Cp,but  particularly  because  practically  all 
the  values  of  Cp  involved  are  at  low  pressures  and  very  moderate 
superheats,  and  in  this  comer  of  the  diagram  there  is  less  question 
as  to  the  accuracy  of  Knoblauch's  values  than  elsewhere;  furthermore 
because,  even  had  Heck's  values  been  used  as  printed,  the  resulting 
total  heat  of  saturated  steam  would  have  been  increased  by  less 
than  3  B.t.u.  at  400  deg.,  the  increase  becoming  continually  smaller 
as  one  approached  212  deg.  This  is  not  an  estimate  of  the  limit  of 
error  of  the  new  formula  except  for  those  who  still  believe  in  the 
accuracy  of  Thomas*  work  near  the  saturation  line. 

5  The  throttling  experiments  used  are  those  of  Grindley,  in  Eng- 
land, in  1900,  of  Griessmann,  in  Germany,  in  1904,  and  of  Peake,  in 
England,  in  1905.  The  agreement  which  will  be  shown  to  exist 
between  the  results  obtained  from  these  three  different  sources  will 
be  another  reassuring  proof  of  the  insensitiveness  of  the  method  to 
errors  of  observation  in  its  assumed  data,  for  the  three  sets  of  throt- 
tling curves  show  the  obvious  differences  to  be  expected  in  indep>end- 
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ent  researches.  The  agreement  of  results  is  the  more  noteworthy 
when  it  is  remembered  that  the  precautions  against  radiation  and 
other  losses  were  very  different  in  the  three  cases.  Grindley  used  a 
thick  glass  throttling  plate  and  an  independent  and  independently 
heated  steam  "cosie"  or  jacket,  and  calibrated  his  thermometers 
indirectly  by  means  of  Regnault's  pressure  temperature  curve;*  Peake 
used  a  thin  mica  throttling  plate,  put  wire  gauze  in  the  path  of  the 
steam  to  insure  thorough  mixing,  jacketed  the  low  pressure  chamber 
with  the  escaping  steam  itself,  and  used  thermometers  calibrated 
by  comparison  with  a  previously  standardized  platinum  resistance 
thermometer;  while  Griessmann  replaced  both  throttling  plate  and 
jacket  by  a  porous  plug  in  a  box-wood  mount,  heavily  lagged,  in 
imitation  of  Joule  and  Thomson's  famous  plug  experiment,  and  used 
thermometers  calibrated  both  by  comparison  with  Reichsanstalt 
standards  and  indirectly  by  means  of  a  steam  table. 


Fig.  1 


Fig.  2 


Diagram  Showing  how  the  Total  Hbat  Curve  yfrVd'  is  Obtainbd  from  a 
Throttling  Curve  A  BCD 

6  The  method  of  recomputing  these  throttling  experiments  is 
illustrated  by  Kg.  1  and  2.  Fig.  1  represents  a  throttling  curve  of 
the  sort  published  in  the  three  papers  to  be  discussed.  Supposedly 
dry  and  saturated  steam  at  the  pressure  and  temperature  correspond- 
ing to  the  point  A  is  first  throttled  to  a  lower  pressure  and  tempera- 
ture corresponding  to  the  point  B;  then  in  a  later  experiment  in 
the  same  run,  it  is  throttled  from  exactly  the  same  initial  condition  A 
to  the  condition  C;  then  to  D  and  so  on.  The  well  known  law  of  throt- 
tling is  that  the  total  heat  in  the  condition  5,  or  C,  or  D,  is  equal  to 
that  in  the  initial  condition  A. 

*  As  an  extra  precaution,  all  of  his  temperatures  have  been  recomputed  for 
this  paper  with  the  best  modem  data. 
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7  The  point  B  represents  superheated  steam  at  the  pressure  p^; 
the  point  B'  represents  saturated  steam  at  the  same  pressure;  and 
the  amount  of  superheat  at  £  is  the  known  temperature  there  minus 
the  temperature  at  B',  which  can  be  taken  from  a  steam  table.  Also, 
by  definition,  the  total  heat  at  B  equals  that  of  saturated  steam  at  the 
same  pressure  (point  B')  plus  the  amount  of  heat  required  to  super- 
heat it  at  constant  pressure  from  B'  to  B.  This  is  the  integral  of 
Cp  from  B'  to  B,  or  simply  the  mean  C^  from  saturation  multiplied 
by  the  known  superheat.  If  Cp  is  known,  this  integral,  or  increment 
in  the  total  heat  between  B'  and  S,  is  easily  evaluated. 

8  This  integral  is  not  only  the  difference  between  the  total  heat 
of  saturated  steam  at  B'  and  that  of  superheated  steam  at  B;  it  is  also 
the  difference  between  the  total  heat  of  saturated  steam  at  B'  and 
that  of  saturated  steam  at  A ;  that  is,  between  the  two  corresponding 
ordinates  of  the  curve  that  gives  the  total  heat  of  saturated  steam 
as  a  function  of  the  temperature,  the  curve  sought  in  this  paper. 
To  draw  a  piece  of  this  curve;  one  chooses  arbitrarily  some  hori- 
zontal line  such  as  xt/  in  Fig.  2,  and  lays  off  below  it,  at  the  proper 
temperatures,  the  distances  66',  cc',  dd',  etc.,  which  represent  on  the 
desired  /f -scale  the  integrals  or  total  heat  differences  between  B'  and 
B,  C  and  C,  D'  and  2),  etc.  Th  curve  ab'c'd'  is  an  isolated  piece 
of  the  true  curve  of  total  heat  against  temperature.  The  relative 
height  of  its  points,  that  is,  its  shape,  is  accurately  determined; the 
absolute  height  above  the  usual  zero  of  total  heats,  namely,  that  of 
water  at  32  deg.  fahr.,  is  as  yet  wholly  unknown.  The  experiments 
of  Grindley  gave  seven  independent  sample  pieces  of  this  sort,  one 
for  each  throttling  curve,  their  temperature  ranges  being  known  and 
greatly  overlapping;  similarly  Griessmann's  data  gave  eleven  such 
sample  pieces,  and  Peake's  six. 

9  One  chief  difficulty  in  the  original  work  was  that  the  steam  at 
A  was  often  not  quite  dry,  so  that  its  condition  was  not  determined  by 
the  observed  pressure  and  temperature.  All  the  initial  points,  such 
as  a,  have  therefore  been  omitted  from  the  sample  curves.  This 
does  not  affect  the  validity  of  the  reasoning  about  the  remaining 
points,  as  6'c'd',  etc. 

10  All  sample  pieces  of  any  one  observer  were  then  plotted  care- 
fully on  very  thin  transparent  rice  paper,  with  vertical  guide-lines 
at  certain  standard  temperatures,  which  enabled  these  plots  to  be 
accurately  oriented  as  far  as  rotation  and  horizontal  displacement 
were  concerned,  but  left  them  free  to  slide  up  and  down  over  each 
other.    The  sheets  were  then  piled  on  top  of  one  another  on  a  trans- 
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parent  table  lighted  from  below,  each  one  placed  so  as  to  make  its 
piece  of  curve  coincide  most  satisfactorily  with  the  overlapping  pieces 
already  laid  down.  The  exact  relative  displacements  of  the  sheets 
were  then  carefully  measured.  This  process  was  repeated  for  each 
of  the  three  observers*  sets  of  sheets  independently,  four  different 
times  for  each  set,  in  two  very  different  orders  and  in  those  orders 
reversed,  on  different  days,  all  with  the  object  of  avoiding  as  far  as 
possible  any  routinizing  effects  of  memory  or  habit  which  might  dis- 
turb the  real  independence  of  the  four  determinations.  The  means  of 
the  measured  displacements  were  then  used  to  reduce  each  of  the 
pieces  of  curve  in  any  one  of  the  sets  arithmetically,  not  graphically, 
to  a  zero  common  to  all  the  curves  of  that  set.  The  results  are  marked 
Gtff  Gs,  and  P  in  Fig.  3.  They  are  plotted  separately  for  clearness,  but 
they  are  simply  different  experimental  determinations  of  exactly  the 
same  real  curve.  The  vertical  scale  of  each  is  four  calories*  to  the 
square.  The  height  of  each  above  its  true  zero  is  still  unknown. 
Each  of  the  circles  represents  at  least  one  independent  throttling  obser- 
vation, and  some  few  of  them  two  or  three  independent  observations 
that  happened  to  coincide.  It  will  be  noticed  that  no  one  of  the 
curves  is  more  than  a  tenth  of  a  square  wide  between  centers.  Each 
therefore  seems  a  good  determination  of  the  true  curve  within  two- 
tenths  of  a  calorie,  which  is  less  than  0.4  B.t.u. 

11  The  next  step  was  to  establish  a  comparison  between  the 
three  curves.  The  points  of  each  were  first  grouped  in  segments  of 
some  20  deg.  and  the  mean  point  of  the  group  was  used  to  represent 
the  group.  There  were  eighteen  such  means,  seven  representing 
Grindley's  points,  five  Griessmann's  and  six  Peake's.  These  means 
were  then  plotted  to  scale  on  three  sheets  of  rice  paper  and  fitted 
together  in  the  way  already  described.  The  result  is  shown  in  the 
next  lower  curve  in  Fig.  3.  The  absolute  height  of  the  curve  as 
a  whole  is  still  arbitrary.  The  reader  can  now  judge  for  himself  as  to 
the  agreement  of  the  results  obtained  from  the  three  independent 
sources. 

12  The  formula  chosen  to  represent  this  curve  is  of  the  second 
degree  in  the  temperature.  This  form  is  justified  and  was  indeed  sug- 
gested, by  plotting  on  a  single  diagram  the  derivatives  of  the  three 
curves  (7?/,  Gs  and  P  considered  separately.  These  derivatives  agree 
remarkably  with  each  other  in  determining  a  straight  line,  much 

'  For  convenience  all  diagrams  are  left  in  the  metric  units  in  which  they  were 
computed. 
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better  than  could  have  been  expected  of  the  derivative  of  an  empirical 
function.  A  more  complicated  representation  is  wholly  unnecessary, 
and  imwarranted  by  their  limit  of  error. 

13  Assuming  the  general  formula 

H  >=  H^  +  a  (t-  212)  -bit"  212)» 

the  constants  a  and  b  were  determined  by  the  method  of  least  squares, 
using  all  eighteen  mean  points  reduced  to  a  common  but  arbitrary 
zero.  The  results  were  checked  by  the  usual  least  squares  methods, 
practically  insuring  accuracy;  but  as  a  rough  preliminary  check  the 
constants  were  determined  from  three  random  points,  one  at  each 
end  of  Grindley's  curve  and  one  in  the  middle,  and  these  coefficients 
agreed  with  those  afterward  obtained  within  a  third  of  one  per  cent 
of  their  own  values,  which  means  less  than  one  himdredth  of  one  per 
cent  in  H  itself  throughout  the  range  of  the  formula.  The  agreement 
of  the  three  curves  with  their  mean  is  obvious. 

14  The  resulting  formula,  in  English  units,  is 

H  ^H^  +  0.3746  {t  -  212)  -  0.000550  (t  -  212)» 

This  formula  gives  the  total  heat  of  saturated  steam  between  212 
deg.  and  about  400  deg.  in  terms  of  that  at  212  deg.  A  value  for 
this  fundamental  constant  -ff„,  will  presently  be  chosen  from  those 
available  in  the  literature  of  the  subject,  but  it  should  be  remem- 
bered that  even  if  this  choice  is  wrong  or  if  new  and  different 
data  near  212  deg.  are  hereafter  published,  whatever  merit  the 
above  equation  may  have  will  be  wholly  unaffected  by  the  necessary 
change  in  H^. 

15  It  is  interesting  to  compare  the  self-consistency  of  this  work, 
as  represented  by  the  narrowness  of  the  bands  of  plotted  points, 
with  that  of  Regnault's  observations,  which  are  plotted  at  the 
bottom  of  Fig*  3.^  EQs  band  is  at  least  eight  or  ten  times  as  wide  as 
any  of  those  above  it.  It  should  also  be  noticed  that  something 
evidently  happened  to  his  apparatus  at  178  deg.  cent,  and  that  allowing 
for  this,  his  band  shows  unmistakably  the  same  curvature  as  those 
above  it.  The  observations  above  178  deg.  cent,  were,  as  a  matter 
of  fact,  the  last  he  made,  and  he  speaks  definitely  of  serious  trouble 
with  his  apparatus  at  the  very  point  at  which  the  jump  occxu^;  in 
fact  he  had  to  renew  many  of  its  parts,  and  to  watch  it  continually 
thereafter,  so  that  his  conditions  may  well  have  been  somewhat 

*  The  large  circle  at  the  boiling  point,  100  deg.  cent.,  represents  the  mean  of 
38  points,  of  which  only  the  highest  and  lowest  are  plotted. 
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changed.  This  discontinuity  in  his  curve  has  been  noticed  by  many 
writers,  one  of  whom  attributes  it  to  a  leak  in  his  distributing  valve, 
remedied  at  this  point,  but  this  is  not  definitely  mentioned  in  the 
memoir. 

)0       IQO      ayO      IQO      400      gyp      y)0      yO     y       jQO    lyO    ^QO  ^^o   ^yo    ^^    ^qO    ^^q  ^^  ^^O   ^gpQ  ^qQ 


10^    20^    80^    4(F    50'    60°    70°    aO°    W*^  100»  110°  1»°  IW^  140°  150°  160°  170°  180°  190^  WP 


FlO.  3      CUBVES  OF  THB.  VARIATION  OF  TOTAL  HeAT  WITH  TEMPERATURE 

(in  Calories  against  Deo.  Cent.) 

or,  P  AND  OS  ABB  CUBYSS  FBOM  THB  DATA  OW  OBINDLBT,  PBAKB  AMD  OBIBMMAN.  THB  UNB 
BBLOW  THBM  BBOWS  THBM  ■0PBBP08BD.  AT  THB  BOTTOM  (OUBTB  B)  ABB  BBONAUIA-'S 
OBSBBYAHONB  PLOTTBD  ON  THB  SAMB  SCAIiB  VOB  OOMPABIBON.  AT  THB  TOP  ABB  THB 
TAU7BB  OP  DlETBRId  (D),  A.  W.  BMITH  (•),  GRIPPXTHS  (O),  BBNNINO  (b),  JOLT  (j),  AND  REO- 
NAULT  (B),  with  THB  OUBTB  BBLOW  BBPBB8BNTBD  AS  ATTACHBO  BOTH  TO  BBGNAULT'S 
TALUB  AT  100  DBO.  OBNT.  AND  TO  THB  MBAN  OP  HBNNINO'S  AND  JOLT'B  VALUES.  THB 
LATTBB  IB  BBBN  TO  BB  PRBPBRABLB 

16  All  results  that  could  help  in  the  evaluation  of  the  funda- 
mental constant  H^  have  recently  been  admirably  summarized  by 
Professor  Smith  of  the  University  of  Michigan,  whose  paper  has  been 
most  useful  throughout  this  work.    These  results  are  collected  in 
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Table  1  and  are  plotted  as  the  top  curve  in  Fig.  3,  with  the  movable 
section  that  has  been  built  up  in  this  paper  represented  as  attached, 
first  to  Regnault's  mean  at  the  boiling  point,  and  second  to  the  mean 
of  the  values  of  Henning  and  Joly.  It  will  be  noticed,  first,  that  in 
either  case  most  of  Regnault's  values  are  too  low;*  this  was  to  be  ex- 
pected, as  we  have  begun  only  recently  to  realize  the  difficulty  in 
removing  the  last  traces  of  unevaporated  water  from  apparently  dry 


TABLE  1 


SUMMARY  OF  RESULTS  FOR  EVALUATION  OF  FUNDAMENTAL 
CONSTANT  H„, 


Observer 


Tempera- 
ture 
degrees 
fahr. 


ToUJ 
heat 
B.t.u. 


0.  Dieterici.  Kflnigliche  TechniMhe  Hocbschule,  Hanover.  Germany. 
A.  W.  Smith.  University  of  Michigan.  U.  S.  A 

E.  H.Griffiths.  Cambridge.  England 

F.  Henning.  Raichsanstalt.  Berlin,  Germany 


J.  Joly.  Trinity  College.  Dublin.  Ireland. 


32.0 

67.1 

70.1 

82.5 

103.6 

86.0 
104.3 

76.9 
103.9 
121.7 


1073.4 

1084.7 
1090.7 
1096.2 
1104.6 

1097.8 
1104.9 
1091.6* 
1104. 2* 
1111.2* 


86.2     , 

1097.6* 

120.5 

1114.4 

148.7     t 

1124,7 

171.2     j 

1134.5 

192.7     1 

1144.0 

213.1 

1151.1 

211.9 


1150.0 


**These  four  values  were  considered  by  the  experimenters  lees  reliable  than  their  other  results. 

steam,  and  any  such  moisture  would  make  the  results  too  low;  it  is 
therefore  probable  that  his  results  at  the  boiling  point  are  also  too 
low  for  the  same  reason;  second,  that  if  Regnault's  mean  at  100  deg. 
cent,  is  right,  his  values  at  the  highest  temperatures  are  too  high,  a 
deviation  hard  to  explain  on  any  ground.'  This  makes  it  still  more 
probable  that  the  true  value  at  100  deg.  is  at  least  as  high  as  the 
mean  of  the  values  of  Henning  and  Joly;  and  third,  that  although  the 

*  They  are  represented,  in  groups,  by  means. 

'  It  is  hard  enough  to  see  why  they  should  suddenly  begin  to  run  as  high  as 
on  the  curve;  this  raises  the  only  doubts  that  have  yet  appeared  as  to  the  wisdom 
of  the  choice  of  the  Cp  values  used. 
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less  accurately  determined  lower  end  of  the  movable  section  does  not 
fit  particularly  well  among  the  fixed  points  in  either  case,  the  agree- 
ment is  much  more  satisfactory  when  the  section  is  oriented  on  the 
mean  of  Henning  and  Joly.  Finally,  both  of  these  observers  are 
among  the  most  skillful  experimenters  of  their  time,  as  Regnault  was 
in  his;  both  have  had  the  advantage  of  improvements  in  the  technique 
of  accurate  measurements  accomplished  in  the  several  decades  since 
Regnault;  and  both  have  used  methods  differing  from  each  other's 
and  from  his,  and  superior  to  his  in  sensitiveness  and  accuracy.  For 
all  of  these  reasons,  the  mean  of  their  values,  namely  1160.3  B.t.u., 
seems  the  most  probable  value  of  the  total  heat  of  saturated  steain  at 
212  deg.  fahr. 

17    The  final  formula,  in  English  units,  is 

H  -  1150.3  +  0.3745  («  -  212)  -  0.000550  {i  -  212)» 

Its  range  is  from  212  to  about  400  deg.  fahr.;  it  does  not  pretend  to 
accuracy  below  212  deg.;  in  that  range  an  accurately  drawn  graph 


TABLE  2     NEW  FORMULA  COMPARED  WITH  STANDARD  VALUES 


Temperature 

Pressure 
pounds 

Total  Heat 

Spbcific  Volumb 

Degrees  fahr. 

New 

Peabody 

New 

Peabody 

32. 

0.089 

1073.4 

1091.7 

3294. 

3396. 

100 

0.949 

1103.6 

1112.4 

349.7 

364.7 

212 

14.70 

1160.3 

1146.6 

26.76 

26.66 

281.0 

60. 

1173.6 

1167.6 

8.496 

8.429 

327.8 

100. 

1186.3 

1181.9 

4.412 

4.409 

368.6 

160. 

1193.4 

1191.9 

2.998 

3.016 

381.0 

200. 

1198.1 

1198.4 

2.277 

2.299 

401.0 

260. 

1201.6 

1204.2 

1.837 

1.868 

417.4 

300. 

1204.1 

1209.3 

1.640 

1.668 

426.3 

330. 

1206.3 

1211.9 

1.403 

1.417 

should  be  used.  The  dotted  line  in  Fig.  3  indicates  the  position  of 
what  seems  the  most  probable  graph;  in  drawing  it  Regnault's 
observations  had  to  be  ignored  altogether;  the  agreement  among  the 
other  more  recent  authorities  is  then  most  satisfactory. 

18  The  new  formula,  supplemented  by  such  a  graph,  is  compared 
with  the  standard  values  given,  for  instance,  by  Peabody  or  Reeve, 
in  Table  2  and  Fig.  4  and  5.  The  table  gives  the  new  and  the  old 
values  of  the  total  heat  at  various  temperatures  from  32  to  425  deg., 
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and  also  the  new  and  the[old  values  of  the  specific  volume  of  saturated 
steam  as  computed  by  the  usual  Clapeyron  equation 


V  "V 


r   1 
dt 


B.t.a. 


90 

\ 

10 

\ 
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Odeg.  100  deg.  900  deg.  800  deg.  400  deg.  600  ddg. 

FiQ.  4  Deviation  from  the  Author's  Values,  of  RsGNAUiyr's  Values  of 
Total  Heat  of  Saturated  Steam,  Given  in  Peabodt's  Tables.  High  Tem- 
perature End  of  Curve  is  a  Parabola 


^ 

^ 
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X 

_^ 
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''Odeg.  100  deg.  900  deg.  aOOdeg.  400  deg.  800  deg. 

Fig.  6  Percentage  Deviation  op  Regnaui/t's  Values  of  Specific  Volume 
OF  Saturated  Steam,  Given  in  Pbabodt's  Tables,  and  of  Knoblauch's 
Experimental  Values,  from  the  New  Values — ^Evbrtthinq  above  400  dbo. 
Extrapolated 

The  necessary  values  of  d'p/di  were  taken  from  Henning's  recent  and 
valuable  review  of  the  available  literature.*  In  Fig.  4,  the  deviation 
of  the  standard  values  oiB.  from  those  here  presented  is  shown  graphic- 
ally. In  Fig.  5  the  percentage  deviation  of  the  standard  values  of  Y 
from  the  new  ones  is  similary  presented.  This*diagram  also  shows,  in 
the  curve  marked  /f ,  the  deviation  of  Ejioblauch's  experimental 

>  Wied.  Ann.  22  (1907),  p.  600. 
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values,  as  given  by  Linde's  equation,*  from  those  of  this  paper.  The 
agreement  is  gratifyingly  good  up  to  400  deg.;  above  that  both 
equations  are  extrapolated,  so  that  some  disagreement  is  not  surprising. 
19  These  total  heat  values  can  be  made  to  throw  new  light  on 
a  subject  recently  discussed  before  the  Society  by  Professor  Heck, 
namely,  the  specific  heat  of  superheated  steam.  It  has  several  times 
been  pointed  out  in  the  literature  that,  along  the  saturation  line, 


^dH  _r       r  (dv\ 


where  ff  is  the  total  heat  of  saturated  steam,  r  its  heat  of  vapor- 
ization, u  the  change  of  voliune  during  vaporization,  t  the  ordinary 

and  T  the  absolute  temperature,  and  (  -^  J    a  derivative  out  into 

the  superheated  region  like  C^  itself.     Not  much  use  has  hitherto  been 

TABLE  3    VALUES  OF  Op  PLOTTED  IN  FIG.  0 


Preaaure 
pounds 

Temperature 
degrees 

Cp  (calculated) 

Cp  (Knoblauch) 

Cp  (Heck) 

15 

213 

0.484 

0.470 

0.581 

35 

250 

0.506 

0.492 

0.614 

75 

308 

0.560 

0.537 

0.650 

115 

338 

0.615 

0.584 

0.680 

195 

380 

0.722 

0.699 

0.719 

250 

401 

0.794 

0.795 

0.739 

310 

420 

0.875 

0.919 

0.758 

370 

437 

0.956 

1.068 

0.776 

450 

457 

1.067 

1.318 

0.798 

530 

473 

1.179 

1.634 

0.819 

610 

488 

1.203 

2.041 

0.842 

made  of  this  equation  because  of  the  outstanding  errors  in  Regnault's 
values  for  saturated  steam,  but  it  is  hoped  that  the  new  values  of  H, 
r,  and  u  of  this  paper  are  good  enough  to  make  the  computation  worth 
while.  The  volume  derivative  is  a  source  of  some  uncertainty,  but 
fortunately  its  value  needs  to  be  known  only  on  the  saturation  line 
itself,  and  there  linde's  characteristic  equation  for  superheated  steam 
is  at  its  best,  and  seems  satisfactory.  Certain  values  of  Cp,  computed 
in  this  way,  are  given  in  Table  3  and  are  plotted  with  circles  in  Fig.  6. 
20  This  figure  also  shows  the  saturation  curves  of  Blnoblauch,  of 
Thomas  and  of  Heck.     Knoblauch's  curve  is  extrapolated  analjrt- 

» See  the  Forscharb,  Berlin,  Heft  21,  p.  67;  or  Peabody's  Steam  Tables,  X907 
«d.,  p.  2X. 
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ically  from  four  points  at  low  pressures,  which  are  themselves  ex- 
trapolated from  observed  points  at  various  favorably  situated  super- 
heats. The  extrapolations  to  saturation  may  be  uncertain  by  small 
amounts  which  are  represented  in  Fig.  6  by  short  vertical  lines 
attached  to  Knoblauch's  curve.  The  extrapolation  to  very  high 
pressures  is  of  course  uncertain. 


t  700* 


Fig.  6  Represbntinq  the  Saturation  Line  on  the  Rbqular  Cp  Dia- 
gram, AS  Drawn  bt  Knoblauch  {K),  bt  Thomas  (T),  and  by  Heck  (H) 
The  Circles  Represent  Values  Computed  Thermodtnamicallt.  The 
DoTFED  Line  at  the  Right,  at^  —  689  Deg.  —  The  Critical  Temperature, 
Should  be  Approached  as  an  Asymptote  by  the  True  Curve 

21  Thomas'  curve  has  even  less  experimental  foimdation,  if  the 
criticisms  already  presented  in  connection  with  Heck's  paper  are 
justified,  and  would  seem  to  be  a  sheer  guess.  Heck's  line  was  pre- 
sented as  a  compromise  between  Knoblauch's  and  Thomas'.  If 
Thomas'  line  is  discredited,  Heck's  ceases  to  be  interesting. 

22  In  view  of  all  this  uncertainty  the  evidence  furnished  by  the 
tbermo-dynamic  computation  described  above  would  seem  to  be 
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of  considerable  importance.  As  Fig.  6  shows,  the  computed  points 
agree  with  Knoblauch's  curve  rather  than  with  those  of  Thomas 
or  Heck,  up  to  about  400  deg.  (250  lb.).  Above  that  temperature 
both  Linde's  equation  and  the  total  heat  equation  of  this  paper  are 
extrapolated,  and  so  the  computation  means  very  little,  but  even  at 
high  temperatures  the  general  character  of  the  computed  curve  is 
more  like  Knoblauch's  than  like  Thomas'  or  Heck's. 

23  This  computation  furnishes  therefore  an  additional  justifica- 
tion of  the  use  of  Knoblauch's  values  in  this  paper.  It  will  perhaps 
be  argued  that  this  justification  is  simply  a  circular  fallacy — ^in  that 
a  set  of  total  heat  values  based  on  Knoblauch's  values  of  Cp  might 
be  expected  to  lead  back  to  Knoblauch's  values  at  the  end — ^but  a 
careful  consideration  of  the  formulae  involved  will  show  that  the 
objection  is  only  in  a  very  small  measure  well  founded,  and  that 
the  circularity  of  the  reasoning  is  apparent,  not  real. 

SUBffMARY 

24  The  throttling  experiments  of  Grindley,  Griessmann  and  Peake, 
considered  in  connection  with  Knoblauch's  determination  of  the 
specific  heat  of  superheated  steam,  lead  to  a  new  formula  for  the 
total  heat  of  saturated  steam,  namely 

H^H^^  +  0.3745  (t  -  212)  -  0.000550  (t  -  212)' 

25  The  best  available  value  of  H^^^  seems  to  be  1 150.3  mean  B.t.u., 
which  is  the  average  of  the  values  of  Henning  and  of  Joly.  The  total 
heat  equation  becomes 

H  =  1 150.3  +  0.3745  (t  -  212)  -  0.000550  {t  -  212)' 

The  range  of  this  formula  is  from  212  to  about  400  deg.  fahr.  The 
greatest  error  in  Regnault's  formula  in  this  range  is  6  B.t.u.,  at  275 
deg.  fahr.,  but  if  Regnault's  formula  is  extrapolated  to  higher  tem- 
peratures, the  error  in  it  increases  very  rapidly.  Below  212  deg.  there 
is  an  abundance  of  modern  data  to  show  that  Regnault's  formula  runs 
high,  the  error  reaching  18  B.t.u.  at  32  deg. 

26  Recomputed  values  of  the  specific  volume  of  saturated  steam 
differ  from  the  standard  values  by  101  cu.  ft.  or  3  per  cent  at  32  deg. 
and  by  about  1  per  cent  in  the  opposite  direction  at  275  deg.    Com 
puted  values  of  Cp  at  saturation  agree  strikingly  with  Knoblauch's 
values^and^give  additional  confirmation  to  a  conclusion  already  pre- 
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sented  to  the  Society,  that  of  the  three  available  sets  of  C^  values, 
Knoblauch's,  Thomas'  and  Heck's,  Knoblauch's  is  most  deserving 
of  confidence. 

27  A  steam  table  based  on  these  new  values  will  presently  be  pub- 
lished imder  the  joint  authorship  of  Professor  Lionel  S.  Marks  and 
the  present  writer. 

DISCUSSION 

Prop.  C.  H.  Peabody*  This  paper  is  so  complete  and  conclusive 
that  it  needs  no  discussion;  rather  it  is  to  be  accepted  as  the  most 
valuable  contribution  to  the  science  and  practice  of  steam  engineer- 
ing since  the  determination  of  the  mechanical  equivalent  of  heat  by 
Rowland. 

2  To  my  mind  this  piece  of  work,  which  cannot  be  appreciated 
too  highly,  emphasizes  two  features;  first,  that  no  good  scientific 
work  is  ever  wasted,  and  second,  that  the  highest  scientific  abUity  is 
required  to  interpret  and  apply  experimental  data.  It  would  add 
to  the  value  of  the  paper  if  the  author  would  append  the  references  to 
the  authorities  quoted,  somewhat  more  fully  than  he  has  done. 

3  In  consequence  of  the  information  presented  by  Dr.  Davis  it 
will  be  necessary  to  recompute  our  steam  tables;  in  fact  his  paper 
informs  us  that  a  new  table  is  to  be  published,  which  I  am  sure  will  be 
welcomed  by  engineers. 

4  It  may,  however,  be  pointed  out  that  existing  tables  are  in 
error  only  to  the  extent  of  half  of  one  per  cent  for  the  middle  range  of 
temperatures,  and  that  such  errors  will  give  engineers  but  little  concern , 
however  distasteful  they  are  to  the  computers  of  such  tables. 

5  But  our  temperatiu-e-entropy  diagram  and  the  temperature- 
entropy  tables  (for  which  I  am  responsible)  need  change  in  only  one 
feature  and  that  the  one  of  least  importance. 

6  To  show  that  this  is  true  let  us  consider  the  usual  expression  for 
entropy  of  wet  steam, 

'^^^ 

T 

X  =  quality  or  dryness  factor, 
r  =  heatjof  vaporization. 
T^  absolute  temperature. 
6  —  entropy  of  the  liquid. 

^  Professor  of  |NavaljArohitecture  and  Marine  Engineering,  Mass.  Inst,  d 
Technology,  Boston,  Mass, 
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7  In  computations  for  a  temperature-entropy  diagram  or  table 
we  begin  by  assigning  some  desired  value  to  the  entropy  which  remains 
constant  for  a  given  abscissa  or  colunm.    Then 

%  +  '-* 

T 

.-.  a:r  -  (#  -  tf)  r 

which  determines  the  product  ocr  for  any  temperature  and  entropy 
even  though  the  factors  x  and  r  should  be  imknown.  Consequently 
the  heat  contents 

will  not  be  affected  by  changes  in  r. 

8  Again  the  usual  manner  of  computing  the  specific  volume  of 
saturated  steam  is  by  the  equation 

*•      i     . 
AT  dp 
dt 

8    »  specific  volume  of  saturated  steam. 
A    =  reciprocal  of  Joules  equivalent. 

—  —  slope  of  temperature-pressure  curve. 

a     «  specific  volume  of  water. 

u    =  increase  of  volume  due  to  vaporization. 

9  Now  the  specific  volume  of  wet  steam  is 


V  -  xu  +  <T  -  -—  —    +  a 
AT  dp 

~dU 

or 

substituting  for 

XT  its  value 

AT       dp 
dt 

A      dp 

dt 
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which  shows  that  the  specific  volume  for  a  given  temperature  and 
entropy  will  not  be  changed  by  a  change  in  r. 

10  On  the  contrary  the  quality  or  dryness  factor 

T 

r 

depends  directly  on  r. 

11  These  equations  are  deduced  to  show  that  of  the  several  prop- 
erties given  on  a  temperature-entropy  diagram  or  table,  only  one, 
namely  the  quality,  needs  revision.  The  fact  that  the  initial  value  of 
this  factor  is  seldom  known  to  the  degree  of  certainty  represented  by 
half  of  one  per  cent  has  no  particular  bearing  on  this  discussion  unless  it 
makes  engineers  somewhat  impatient  concerning  it. 

Prop.  William  D.  Ennis  Professor  Peabody  has  said  what  was 
fitting,  and  what  he  could  most  appropriately  say,  regarding  this 
masterly  paper.  When  the  aims  and  methods  of  pure  science  can  be 
as  helpfully  presented  to  engineers  as  Dr.  Davis  has  presented  them, 
we  must  derive  inspiration.  Two  questions  immediately  arise  in 
reviewing  these  revised  values  for  the  total  heat  of  steam.  First, 
are  they  of  considerable  engineering  importance?  Second,  are  the  new 
values  final?  On  the  first  point:  Even  if  we  take  H^^  at  1150.3 
the  difference  between  the  new  and  old  values  within  ordinary 
ranges  is  small.  Take,  for  example,  an  engine  test  showing  a  ther- 
mal efliciency  of  0.1500,  using  saturated  steam  at  150  lb.  pressing. 
The  old  and  the  new  values  of  H  are  respectively  1191.9  and  1193.4; 
a  difference  which  would  make  the  thermal  efficiency,  based  on  the 
new  value,  read  0.1498.  At  the  same  time,  the  new  values  differ  from 
the  old  to  such  an  extent  as  to  promise  some  noticeable  variations  in 
our  steam  tables. 

2  As  to  the  finality  of  Dr.  Davis'  deductions,  it  seems  unques- 
tioned that  throttling  methods  for  the  determination  of  H  axe  better 
than  the  older  method,  provided  the  values  of  Cp  are  accurately 
known  and  there  is  no  question  as  to  the  relation  between  p  and  t 
at  saturation.  But  are  the  values  of  Cp  as  yet  established?  Profes- 
sor Heck  has  harmonized  the  two  best  sets  of  experiments  and  has 
regarded  the  question  as  *' about  settled."  Dr.  Davis  also  regards 
the  question  as  settled,  but  in  a  different  way;  while  Professor  Thomas 
evidently  holds  it  to  be  unsettled,  because  he  is  still  experimenting. 
We  cannot  get  final  values  of  H  until  we  have  final  values  of  Cp. 

3  I  am  not  quite  clear  as  to  whether  the  apparent  check  on 
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Knoblauch's  values  of  Cp  is  not  after  all  in  large  measure  an  example 
of  the  circular  fallacy.    The  analytical  expression  for  Cp  includes 

three  terms.    The  first  of  these,  ~    ,  may  be  taken  from  Regnault's 

at 

formula  or  from  the  new  formula;  the  value  in  the  latter  case  depends 

quite  directly  upon  Cp.     The  second  term  of  the  expression  for  Cp. 

T 

— ,  also  depends  directly  upon  Cp,  f or  r  =  H  —  h  and  H  has  been 

computed  from  Cp.     For  the  same  reason,  the  third  and  last  term 

abo  depends  upon  Cp,  although  the  derivative/  —  )  may  be  obtained 

without  regard  to  Knoblauch's  values  for  Cp.  The  computed  values 
of  Cp  thus  depend,  though  not  simply,  upon  the  values  assumed  for 
Cp  in  the  first  place.  We  could,  of  course,  obtain  a  great  variety  of 
curves  Uke  that  suggested  by  the  small  circles  in  Fig.  6,  according  to 

the  origin  of  our  values  of  H  and/ -- j  .    I  have  found,  for  example, 

using  Regnault's  values  for  i7,  p,  i  and  Wood's  formula  of  relation 
between  p,  v  and  t  for  the  derivative,  at  140  lb.  absolute  pressure, 
that  Cp  «»  0.622;  a  value  rather  closer  to  Knoblauch's  than  Dr.  Davis' 
computation  would  give.  This  strikes  one  as  being  purely  accidental. 
4  With  correct  values  of  Cp,  there  seems  to  be  no  possible  question 
as  to  the  accuracy  of  re-computing  H  by  the  proposed  method. 
The  best  check  on  the  whole  work  would  be,  then,  to  finally  determine 
H  directly  by  some  appropriate  method. 

Prop.  Robert  C.  H.  Heck  I  have  not  been  able  to  give  this 
subject  the  amount  of  consideration  which  it  ought  to  have,  as  a 
preliminary  to  close  quantitative  criticism;  but  several  points  have 
occiuTed  to  me  as  worthy  of  general  remark. 

2  Dr.  Davis,  having  made  a  close  study  of  the  data  along  this 
line,  is  highly  competent  to  express  an  opinion  as  to  how  nearly  the 
data  which  he  has  used  are  to  be  accepted  as  final.  We  may  well 
accept  his  conclusion  that  further  changes  in  the  determined  values 
of  the  specific  heat  of  superheated  steam  will  not  produce  any  great 
changes  in  his  total  heat.  Here  the  word  "great"  is  used  from  the 
view-point  of  scientific  precision,  not  in  the  engineering  sense;  and 
from  this  point  of  view  the  errors  in  Regnault's  formula  are 
very  great.  But  whether  the  range  of  probable  error,  or  of  uncer- 
tainty, is  as  narrow  as  Dr.  Davis  thinks,  is  to  my  mind  rather 
doubtful. 
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3  One  fact  that  has  been  brought  out  in  all  the  more  useful 
experiments,  especially  those  of  Knoblauch  and  Jakob,  is  the  extreme 
difficulty  of  actual  physical  realization  of  that  state  of  steam,  so 
simple  in  idea,  known  as  dry  saturation.  This  shows  up  very  clearly 
when  Regnault's  values  are  plotted  for  comparison  (Fig,  3  of  the 
paper);  consistently,  his  results  fall  below  the  others,  indicating  the 
probability,  which  has  frequently  been  remarked,  that  his  steam  was 
not  really  dry. 

4  Knoblauch  and  Jakob  put  their  steam  through  a  preliminary 
superheater,  of  the  form  of  a  long  vertical  cylinder,  with  a  succession 
of  "pine-tree''  radiators,  made  of  glass  tubes  on  metal  frames,  and 
with  the  electrical  conductor  coiled  on  the  glass  tubes;  current  could 
be  passed  through  as  many  as  desired  of  these  radiators,  and 
the  rest  left  dead;  and  the  temperature  of  the  current  of  steam 
could  be  measured  at  the  dividing  plane  between  each  pair  of  radi- 
ators. It  was  found  that  the  steam  rose  in  temperature  in  passing 
the  successive  active  heaters,  but  in  the  dead  range  it  at  first  dropped 
off  a  little  and  then  settled  to  uniformity  from  point  to  point  along 
the  line  of  flow.  The  drop  after  leaving  the  region  of  heat-imparta- 
tion  shows  that  sensible  heat  was  being  taken  up  in  the  steam-current, 
as  by  evaporation;  and  was  explained  as  indicating  the  presence  of 
moisture  or  of  saturated  steam  in  the  body  of  quite  highly  super- 
heated steam,  until  sufficient  time,  with  thorough  mechanical  mix- 
ture, had  produced  homogeneity. 

5  In  the  experiments  of  Professor  Thomas,  the  steam  was  passed 
through  a  number  of  small  holes  (in  effect,  tubes),  where  heat  was 
imparted  to  it  by  electrical  heater-coils.  In  one  experiment  the 
steam  was  brought  just  to  the  point  where  any  more  heat  would  make 
the  temperature  begin  to  rise  above  that  of  saturation;  in  the  next, 
the  steam  was  heated  to  some  higher  point;  and  the  differenoe  in 
energy  consumed  was  the  heat  for  superheating  from  saturation. 
Aside  from  any  question  as  to  accuracy  in  observation  and  in  measur- 
ing instruments,  it  is  legitimate  to  be  doubtful,  first,  whether  the 
steam  is  homogeneously  dry-saturated  in  Experiment  A;  second, 
whether  it  is  homogeneously  superheated  in  Experiment  B. 

6  In  the  throttling  calorimeter,  the  steam  at  first  flows  through 
the  orifice  in  practically  adiabatic  expansion,  some  of  it  being  con- 
densed in  the  operation;  then,  as  the  jet  comes  to  rest  in  the  low- 
pressure  chamber,  the  kinetic  energy  gained  in  that  first  operation 
is  changed  back  to  heat,  and  the  body  of  steam  is  thereby  super- 
heated. 
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7  Now  the  important  question  is,  may  we  safely  assume  that  the 
steam  in  the  low-pressure  section  of  the  throttling  calorimeter  is 
homogeneous  when  its  temperature  is  meas\u*ed?  The  best  case  for 
the  defense  is  made  when  a  porous  plug  is  used  instead  of  an  orifice, 
as  in  the  experiments  of  Griessmann.  In  general,  though,  the 
probabilities  appear  to  be  more  against  the  throttling  method  than 
against  that  of  Thomas.  Under  the  excellent  work  which  Dr.  Davis 
has  done  lies  this  uncertainty  as  to  the  inherent  reliability  of  his  data. 

8  I  turn  now  to  the  question  of  the  specific  heat  of  superheated 
steam  near  the  saturation  limit — assuming  that  this  limit  exists  as 
a  sharply  defined  line,  and  can  be  experimentally  realized.  In  the 
paper  which  I  presented  at  the  Detroit  meeting,  an  attempt  was 
made  to  combine  the  results  of  the  best  experiments  to  date.  The 
most  uncertain  thing  about  the  operation  of  superheating  was  the 
starting  point;  but  I  had  to  have  something  to  start  from,  and  so 
what  seemed  the  best  and  most  intelligent  guess  was  made.  It  was, 
to  a  considerable  degree,  however,  just  a  guess,  although  with  the 
redeeming  feature  that  the  resulting  uncertainty  was  much  less 
than  the  probable  error  in  the  total  heat  up  to  saturation.  In  the 
condition  of  the  data,  the  best  that  could  be  aimed  at  was  essential 
correctness  for  engineering  purposes,  with  a  judicious  balancing  of 
indications  and  probabilities.  The  present  paper  steps  upon  a 
higher  plane;  and  with  its  results  fully  confirmed,  we  shall  be  ready 
to  go  out  into  the  region  of  superheat  and  really  "get  things  down 
fine." 

9  There  is  one  idea  to  which  I  must  again  take  exception,  and 
this  is  the  assumption  that  the  initial  specific  heat  of  superheated 
steam  under  constant  pressure  must  rise  to  infinity  at  the  so-called 
critical  temperature,  689  deg.  fahr.  Infinite  specific  heat  is  the 
characteristic  of  the  ordinary  mixture  of  steam  and  water,  because 
such  a  mixture  can  absorb  heat  at  constant  pressure  without  rise  of 
temperature.  This  property  disappears,  however,  at  the  beginning 
of  the  critical  state;  and  when  it  has  disappeared  from  its  proper 
habitat,  to  import  it  into  the'  foreign  region  across  the  boundary 
appears  to  be  rather  unjustifiable. 

10  One  point  further  is  to  be  noted,  which  even  yet  is,  however, 
of  little  more  than  theoretical  interest.  The  total  heat  which  remains 
constant  in  a  throttling  operation  is  not  quite  the  same  as  that  which 
was  measured  by  Regnaultin  his  calorimeter  and  which  is  given  in 
our  steam  tables.  In  the  throttling  calorimeter,  what  we  may  call 
the  work  of  the  feed-pump  is  included  in  the  total  heat.    This  total 
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heat,  which  remains  constant  in  the  ideal  case  of  no-radiation,  com- 
prises not  only  the  internal  or  intrinsic  energy,  but  also  the  external 
energy  of  expansion  under  constant  pressure,  measured  by  the 
product  of  pressure  by  volume.  In  Regnault's  experiments,  steam 
was  generated  in  a  little  boiler,  and  passed  at  once  into  a  calorimeter, 
where  it  was  condensed  and  cooled,  the  whole  operation  taking  place 
underfullpressure*  then  the  heat  gotten  out  of  the  steam  and  meas- 
ured was,  in  intent,  just  what  is  put  into  the  steam  in  the  ordi- 
nary boiler,  but  did  not  include  the  work  done  by  the  feed-pump  in 
forcing  the  water  into  the  boiler.  Until  our  experimental  data  are 
much  more  reliable  than  any  now  available,  this  small  difference 
remains  of  theoretical  rather  than  practical  importance:  but  it  enters 
into  every  precise  expression  for  the  energy  of  the  steam-jet,  and 
must  be  taken  into  account  in  calculations. 

Prof.  Lionel  S.  Marks  For  a  long  time  it  has  been  evident 
that  Regnault's  values  for  the  total  heat  of  saturated  steam  require 
some  revision.  Particularly  is  this  true  for  steam  of  low  pressure. 
Forty  years  ago  Herwig*  pointed  out  that  the  values  of  the  total 
heat  below  120  deg.  fahr.  were  all  too  low.  In  his  low  pressure 
experiments,  Regnault's  method  of  measuring  the  temperature  of 
the  evaporating  water  by  the  vapor  pressure  in  the  condenser,  has 
very  properly  given  rise  to  criticism.  At  higher  temperatures  the 
break  in  the  experimental  results  is  clear  evidence  of  the  existence  of 
some  notable  error. 

2  But  it  is  not  only  on  the  score  of  inaccuracies  in  his  determina- 
tions that  Regnault's  work  has  been  subjected  to  adverse  criticism. 
Many  of  the  students  of  his  work  who  have  accepted  as  correct  his 
experimental  results,  have  found  themselves  unable  to  accept  his 
interpretation  of  his  results  by  a  straight  line  law  connecting  total 
heats  and  temperatures.  If  the  observations  above  178  deg.  cent, 
are  set  aside  (on  accoimt  of  trouble  with  the  apparatus  at  that 
temperature)  it  will  be  seen  from  Fig.  3  of  the  paper  that  Regnault's 
points  do  not  lie  on  a  straight  line,  burt  on  a  curve  which  resembles 
closely  the  Davis  curve.  Several  physicists  in  recent  years  have 
found  that  a  second  degree  equation  gives  the  best  representation  of 
the  relation  of  total  heats  and  temperatures  found  by  Regnault. 

Thus  Wiillner*  proposes 


>  Herwig  Pogg.  Ann.     Vol.  137.  19,  592.     1869. 

'  WOliner  Lehrbuch  der  Experimentalphysik.     Vol.  2,  773.     1896. 
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>l  -  689       +    0.6003  t  -    0.001246  C 
Ekhplm*  gives 

i  =-  596.75  +  0.4401 1  -  0.000634  ^ 
and  Starkweather'  finds  from  Regnault's  observations 

X  =  603.2    +  0.356  t      -  0.00021  fi 
for  temperatures  above  100  deg.  cent.,  and 

X  =  598.9    +  0.442  t      -  0.00064  i' 

for  temperatures  below  100  deg.  cent.  (These  equations  are  for  15 
deg.  calories  and  centigrade  degrees.) 

3  In  his  investigations  of  other  liquids  Regnault  gave  second 
degree  equations  for  the  relation  between  total  heat  and  temperature 
in  almost  every  case.  It  was  the  results  of  his  trouble  with  his  apparatus 
at  178  deg.  cent,  that  forced  him  to  give  a  straight  line  relation 
between  the  total  heat  and  temperature  of  saturated  steam.  It 
will  be  seen  that  the  Davis  equation  representing  the  relation 
between  the  total  heat  of  steam  and  its  temperature  between  212  deg. 
and  400  deg.  fahr.  and  based  upon  the  work  of  a  number  of  modern 
investigators  is  of  the  same  form  as  those  given  by  the  most  recent 
analysis  of  Regnaidt's  work. 

4  Other  equations  have  been  proposed  in  recent  years  based 
entirely  or  partly  upon  other  investigations  than  those  of  Regnault. 
Dieterici'  has  deduced  an  equation  for  r  based  on  his  own  experi- 
mental value  at  0  deg.  cent.,  on  Regnault's  work,  and  on  certain 
theoretical  and  empirical  conclusions.     The  equation  is, 

r  =  5948  -  0.559^  -  0.000  002  234? 

and  it  shows  the  same  kind  of  deviation  from  Regnault's  straight 
line  law  as  the  other  cited  equations.  One  of  the  most  prominent 
is  that  of  Thiesen*  which  gives  an  expression  for  the  value  of  the  latent 
heat  of  vaporization  of  any  liquid  in  terms  of  the  critical  tempera- 
ture, T^, 

»  Ekholm,  Fortschritte  der  Physik.     Vol.  46  II,  p.  371. 
« Starkweather,  Am.  Jour,  of  Science  (4)  Vol.  7,  p.  13.     1899. 
•Dieterici,  Z.V.D.I.,  49  (1905),  p.  362-7. 
*  Thiesen,  Verh.  des  Phys.  Ges.  zu  Berlin,  1897-8. 
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for  water, 


logio  k  -  1.924,  and  T^  -  638  deg.  cent. 


Besides  this  linde^  has  deduced  the  values  of  the  latent  heat  of  vapori- 
zation from  the  specific  volume  determinations  of  Knoblauch,  Linde 
and  Klebe,  by  the  Clapeyron  equation 


r-iir. 


dp 
'di 


u 


The  relation  between  the  values  of  r,  as  found  by  Regnault,  by 
Thiesen,  by  Linde  and  by  Davis  are  shown  in  Pig.  1.     (Below  212 
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Pro.  1     Variations  from  Reonault's  Value?  of  r;  Curve   1-1,  Reonault; 
2-2,  Thiesen;  3-3,  Linde;  4-4,  Davis. 

deg.  fahr.  the  Linde  curve  is  continued  through  the  experimental 
points  of  Griffiths  and  Dieterici.)  It  will  be  seen  that  the  Thiesen, 
linde  and  Davis  curves  show  deviations  from  Regnault's  values  which 
have  the  same  general  characteristics. 

5  Above  400  deg.  fahr.  there  are  no  reliable  experimental  observa- 
tions. If  the  Davis  formula  were  assumed  to  be  true  for  tempera- 
tures above  400  deg.  fahr.  it  would  lead  to  a  maximum  value  of  the 
total  heat  at  552  deg.  fahr.  The  critical  temperature  is  689  deg.  fahr. 
There  is  no  direct  experimental  evidence  to  show  that  the  total  heat 
goes  through  such  a  maximum  and  deductions  from  characteristic 
equations  cannot  be  used,  as  they,  of  necessity,  must  be  widely  extra- 

^  Linda.    Mitt,  uber  Forsehungsarbeiten,  1905,  No.  21.  p.  71 
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polated  to  ^ve  any  evidence  in  that  region.    The  value  of  the  total 
heat  must  however  reach  a  maximum  before  the  critical  temperature. 

6     It  can  be  shown  that  at  the  critical  temperature —  is  negative. 

The  isothermal  for  the  critical  temperature  is  generally  assumed 
to  be  horizontal  (on  the  pv  plane)  where  it  meets  and  is  tangent  to  the 

steam  dome.    If  that  is  so,  the  value  of  —  is  minus  infinity  at  the 

dT 

critical  temperature.     If  the  critical  isothermal  is  not  tangent  to  the 

steam  dome  where  it  meets  it,  it  must  be  because  the  steam  dome  is 
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Entropy 

Fig.  2    Mollibr  Diagram  Showing  Total  Hsat  and  Entropy  of  Steam, 
Based  on  Total  Heat  Values  of  Dr.  Davis 

not  rounded  on  top  but  comes  to  a  peak  at  the  intersection  of  the 

water  and  saturated  steam  lines.    In  this  case  the  value  of  ,^  at  the 

dT 

critical  temperature  will  be  finite  but  still  negative.    In  either  case 

the  value  of  -=  is  negative  and  must  have  gone  through  zero  in 

approaching  the  critical  temperature,  or  in  other  words  the  total 
heat;  Hf  must  have  gone  through  a  maximum.    Just  where  that 
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maximum  value  occurs,  there  is  no  direct  evidence  to  show  either  for 
water  or  for  any  other  liquid.  It  is  probable  that  the  maximum 
value  does  not  occur  as  far  from  the  critical  temperature  as  an  extra- 
polation of  the  Davis  formula  would  indicate,  though  there  is  no 
experimental  evidence  to  support  this  opinion. 

7  The  method  that  has  been  used  in  this  paper  for  finding  the 
variation  of  the  total  heat  of  saturated  steam  with  the  temperature 
is  a  method  capable  of  giving  very  accurate  results.  The  remarkable 
agreement  of  the  results  from  the  three  separate  sets  of  throttling 

.  0.6 1.0     2   a  4  B  7.5 10   15  ao    m  jg  so  (jotosoooioi)  isa  aoo  aso aoo   400450  ssa 


Fig.  3    Total  Hbat-Prbssure  Diagram  Showing  Specific  Volumes.  Based 
r'-^  'i    •    "  J  ON  Values  op  Dr.  Davis 

experiments  is  valuable  evidence  on  that  point.  The  accuracy 
depends,  however,  on  the  use  of  the  proper  values  for  the  specific  heat 
of  superheated  steam.  As  Dr.  Davis  has  pointed  out,  there  is  very 
little  question  as  to  the  correctness  of  the  Knoblauch  values  of  specific 
heat  at  low  pressures  and  moderate  superheats.  For  higher  pressures 
and  moderate  superheat,  if  the  Knoblauch  values  are  somewhat  high 
(as  the  thermodynamically  computed  values  of  Cp  at  the  saturation 
line,  author's  Fig.  6,  would  indicate)  the  effect  will  be  to  make  the 
Davis  total  heat  curve  (author's  Fig.  3)  somewhat  low  at  high  pressures. 
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It  will  be  seen  that  the  Davis  curve  goes  close  to  the  two  Regnault 
(/?)  circles  above  180  deg.  cent.  It  is  not  known  exactly  what 
changes  were  made  by  Regnault  in  his  apparatus  after  it  had  broken 
down  at  178  deg.  cent.,  but  it  is  highly  improbable  that  he  succeeded 
in  obtaining  dry  and  saturated  steam  above  that  temperature.  He 
certainly  had  not  obtained  it  at  lower  temperatures  and  apparently 
was  at  no  time  cognizant  of  that  fact.  If  there  was  no  other  source 
of  error  present  the  Regnault  circles  should  be  below  the  correct 
curve,  I.e.,  the  Davis  curve  should  lie  above  the  Regnault  circles. 

8  At  the  present  state  of  experimental  knowledge  of  the  specific 
heats  of  superheated  steam  the  Davis  curve  seems  to  be  the  best  that 
can  be  drawn.  Ultimately,  it  will  probably  be  found  that  it  should 
lie  somewhat  higher  at  high  pressures  and  it  is  probable  that  an  equa- 
tion giving  a  maximum  value  of  the  total  heat  at  a  temperature  con- 
siderably nearer  to  the  critical  temperature  will  represent  the  facts 
better  than  the  equation  proposed.  I  have  had  the  opportunity  of 
going  over  the  work  of  Dr.  Davis  in  considerable  detail  and  in  my 
opinion  the  claim  he  makes  for  his  formula  of  an  accuracy  within  one- 
tenth  of  one  per  cent  between  212  deg.  and  400  deg.  fahr.  is  justified. 

9  For  the  purpose  of  facilitating  calculations  involving  saturated 
and  superheated  steam  two  diagrams  (Fig.  2  and  3)  have  been  pre- 
pared. These  diagrams  have  been  plotted  using  the  total  heats  of 
saturated  steam  given  in  this  paper  and  the  calculated  correspond- 
ing values  of  entropy  and  specific  volume.  The  specific  volumeS; 
entropies  and  total  heats  of  superheated  steam  have  been  taken  or 
calculated  from  the  best  modem  data. 

10  Of  these  two  diagrams  Fig.  2  is  the  total  heat-entropy  dia- 
gram devised  by  Professor  Mollier,  showing  the  total  heat  and  entropy 
of  steam  in  any  condition  and  permitting  the  immediate  determina- 
tion of  the  work  done  in  the  Rankine  imjacketed  cycle,  and  of  the 
change  in  the  condition  of  steam  during  adiabatic  expansion  or 
throttling,  and  also  giving  immediate  information  about  wet  steam 
of  any  usual  quality.  The  other  diagram,  Fig.  3,  is  a  total  heat- 
pressiu*e  diagram  showing  specific  volumes,  qualities,  and  superheats. 
This  diagram  is  plotted  with  pressures  as  abscissae  on  a  varying 
scale — equal  distances  along  the  axes  of  abscissae  represent  equal 
increments  in  the  temperature  of  saturated  steam  corresponding  to 
the  indicated  pressures.  A  scale  of  this  kind  has  the  advantage  of 
spreading  out  the  constant  specific  volume  lines  at  the  lower  pres- 
sures. The  second  diagram  (Fig.  3)  is  of  the  greatest  value  when 
problems  involving  volumes  or  ratios  of  expansion  are  to  be  solved. 
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By  the  use  of  the  two  diagrams  singly  or  together  it  is  possible  to 
solve  a  large  number  of  commonly  occurring  problems  in  steam  engine 
and  steam  turbine  work — some  of  which  problems  can  otherwise  be 
solved  only  by  a  protracted  series  of  trials  and  errors. 

11  There  is  an  apparently  curious  feature  about  these  diagrams 
to  which  attention  may  be  cidled.  The  lines  of  constant  superheat 
are  seen  to  diverge  from  the  saturated  steam  line  at  high  pressures. 
This  of  course  results  from  the  large  specific  heat  of  moderately 
superheated  steam  at  high  pressures.  Such  a  divergence  must 
necessarily  take  place.  The  total  heat  of  saturated  steam  is  tending 
to  a  maximum  at  some  temperature  below  the  critical  temperature; 
the  total][heat  of  superheated  steam  along  a  line  of  constant  superheat 
(and  therefore  of  increasing  pressure  and  temperature)  does  not  pass 
through  any  maximum. 

Prof.  I.  N.  Holus  This,  perhaps,  is  one  of  the  most  important 
subjects  that  the  mechanical  engineer  has  to  take  up  at  present. 
There  will  not  be  great  changes  in  Regnault's  tables,  but  the  paper 
points  the  way  to  greater  scientific  accuracy  in  the  work  of  the 
mechanical  engineer.  Up  to  this  time  we  have  had  so  much  work  in 
developing  the  great  projects  American  engineers  have  had  to  under- 
take, that  we  have  paid  more  attention  to  the  strictly  practical  side 
of  questions  and  have  permitted  the  electrical  engineers  to  surpass  us 
by  far  in  mathematical  work  given  to  the  profession.  So  I  welcome 
this  paper  by  Dr.  Davis,  as  it  opens  the  way  for  greater  accuracy 
in  mechanical  engineering  matters. 

Prof.  Carl  C.  Thomas  The  discussion  during  the  past  few  months 
regarding  the  properties  of  superheated  steam,  and  also  that  which 
now  bids  fair  to  throw  additional  light  upon  the  total  heat  of  satu- 
rated steam,  has  been  exceedingly  valuable.  The  discussion  has 
involved  the  work  of  a  number  of  experimenters,  and  a  few  points 
concerning  the  results  of  some  of  the  experiments  ought  to  be  empha- 
sized lest  they  be  lost  sight  of  or  misunderstood.  Also,  the  writer 
wishes  to  make  a  suggestion  regarding  the  proposed  revision  of  the 
steam  tables  upon  the  basis  of  throttling  calorimeter  experiments. 

2  Knoblauch's  experiments  begin  at  about  30  to  60  deg.  fahr. 
superheat  for  each  of  the  four  pressures  used;  the  writer's  begin  at 
18  deg.  fahr.  superheat  for  all  the  pressures  used.  Knoblauch's  upper 
limit  of  temperature  varies  from  about  325  to  400  deg.  fahr.  super- 
heat, while  the  writer's  experiments  stop,  in  all  cases,  at  270  deg. 
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fahr.  superheat.  In  that  part  of  the^temperature  range  which  is 
common  to  both  sets  of  experiments,  namely,  between  30  or  50  deg. 
fahr.  and  270  deg.  fahr.  superheat,  the  results  in  the  two  cases  are 
almost  identical.  The  greatest  variation  appears  at  about  28  lb. 
absolute  pressure  and  54  deg.  fahr.  superheat  where  Knoblauch 
obtains  C^  =  0.478  and  the  writer  obtains  0.498.  The  writer's  experi- 
ments from  18  to  50  deg.  fahr.  superheat  show  higher  values  of  Cp 
than  are  shown  by  the  extrapolated  curves  of  Knoblauch. 

3  Knoblauch  worked  at  absolute  pressures  of  about  28  lb.  to 
114  lb.  while  the  writer  worked  at  absolute  pressures  from  7  lb.  to 
500  lb.  Knoblauch  obtained  his  saturation  curve  by  extrapolation 
from  experimental  determinations  at  about  30  or  50  deg.  fahr.  super- 
heat, while  the  writer  obtained  his  saturation  curve  by  extrapolation 
from  exper  ments  made^at  18  deg.  fahr.  superheat.  The  two  curves 
show  widely  different  values  for  Cp  at  saturation,  the  writer's  being 
much  higher  than  Knoblauch's. 

4  In  view  of  the  very  close  agreement  in  values  of  Cp  from  50 
to  270  deg.  fahr.  superheat,  obtained  in  these  two  sets  of  experi- 
ments made  by  entirely  different  methods,  it  seems  safe  to  accept 
either  set  of  these  values  as  substantially  correct  for  this  temperatiu^ 
range. 

5  Correspondence  which  has  passed  between  Professors  Schr5ter 
and  Knoblauch  and  the  writer  brings  out  the  fact  that  the  former 
are  pushing  their  experiments  into  the  higher  temperatiu^  ranges, 
desiring  to  corroborate  and  extend  their  already  published  results, 
which  show  a  minimum  value  of  Cp  somewhere  in  the  neighborhood  of 
230  deg.  fahr.  superheat  for  each  pressure,  followed  by  an  increase  of 
Cp  after  the  region  of  minimum  value  has  been  passed.  Their  method 
and  apparatus  are  especially  well  adapted  to  experimenting  with 
highly  superheated  steam.  On  the  other  hand,  the  writer  is  working 
back  towards  the  saturation  condition,  with  an  apparatus  which 
has  been  planned  with  the  special  end  in  view  of  definitely  locating 
the  saturation  curve.  Appreciation  of  the  real  diJSculties  in  obtain- 
ing exact  knowledge  as  t6  moisture  conditions  existing  in  steam 
can  be  attained  only  by  those  who  have  made  actual  and  extensive 
experiments. 

6  The  writer's  experiments  have  led  him  to  expect  to  find  a  satu- 
ration line,  and  not  a  ''saturated  region."  Upon  this  assumption, 
such  curves  as  are  shown  in  the  writer's^  Fig.  13  should,  as  shown, 

^The  Specific  Heat  of  Superheated  Steam,  by  Prof.  C.  C.  Thomas,  published  in 
vol.  29,  Transactions. 
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pass  through  the  intersection  of  the  codrdinates,  namely,  heat  intro- 
duced per  unit  weight  of  steam,  and  temperature  to  which  the  steam 
is  being  superheated.  It  is  with  the  determination  of  the  form  of 
these  curves,  near  the  intersection  Df  the  coordinates,  that  the  writer 
is  now  engaged.  There  is  no  question  that  a  comparatively  very 
large  amount  of  heat  is  required  to  cause  a  very  small  rise  of  temper- 
ature of  dry  saturated  steam,  which  means  that  Cp  is  comparatively 
large  in  value  right  at  saturation.  The  writer  is  attempting  to  ascer- 
tain, by  the  use  of  very  sensitive  resistance  thermometers  instead  of 
the  thermo-couples  formerly  used,  whether  it  is  a  case  of  "jogging 
the  steam  out  of  the  saturation  region, "  as  some  writers  have  sug- 
gested, by  the  introduction  of  a  considerable  amount  of  heat — or 
whether  any  small  increment  of  heat  will  cause  a  correspondingly  very 
small  rise  of  temperature  of  steam  which  has  just  reached  the  condi- 
tion of  complete  dryness. 

7  In  the  absence  of  further  data  at  present  which  would  tend  to 
establish  the  relative  correctness  of  Knoblauch's  and  the  writer's 
saturation  curves,  it  is  interesting  to  notice  that  curves  can  be  dra\ni 
through  Knoblauch's  points  as  given  in  the  writers  Fig.  12*  which  ^ill 
produce  the  writer's  guess  at  the  saturation  curve,  quite  as  readily  as  the 
one  Dr.  Ejioblauch  has  made.  And,  on  the  other  hand,  it  would  be  quite 
possible  to  use  the  writer's  data  as  an  argument  in  favor  of  the  accu- 
racy of  Knoblauch's  curve.  However,  the  writer  has  some  confidence 
in  the  general  reliability  of  his  curve,  because  it  is  based  upon  experi- 
ments extending  down  to  within  18  deg.  fahr.  of  the  saturation  tem- 
perature, while  Knoblauch  stopped  his  experiments  at  a  considerabJ}' 
higher  temperature.  The  fact  that  the  two  sets  of  results  agree  so  well, 
within  the  temperature-range  actually  covered  in  common  by  the  two 
sets  of  experiments,  affords  evidence  of  the  reliability  of  the  values 
given  for  Cp;  and  the  further  consideration  that  each  of  the  writer's 
experiments  started  with  a  determination  of  the  saturation  point  as 
its  basis,  and  from  that  went  up  and  fairly  met  Dr.  Knoblauch's 
results,  which  were  obtained  without  reference  to  the  saturation 
point,  gives  reason  for  accepting  with  some  confidence  the  saturation 
curve  marked  out  by  the  writer's  experiments.  However,  it  will  be 
apparent  from  the  above  remarks  that  the  writer  is  going  over  this 
whole  question  of  the  saturation  line  again  in  the  experiments  now 
in  progress. 

8  The  reason  why  it  is  worth  while  to  go  carefully  into  this  matter 
is  apparent,  and  is  especially  cogent  at  the  present  time  from  the 
standpoint  of  the  engineer  as  well  as  the  physicist,  because  of  the 
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interesting  suggestion  of  Dr.  Davis  that  the  steam  tables  based  on 
Regnault's  classic  experiments  be  revised  on  the  basis  of  experiments 
which  have  been  made  on  the  expansion  of  steam  in  throttling  cal- 
orimeters, or  through  porous  plugs,  for  the  purpose  of  determining 
the  specific  heat  of  superheated  steam. 

9  It  is  not  the  writer's  intention  or  desire  to  detract  from  the 
interest  attaching  to  Dr.  Davis'  proposed  use  of  throttling  experiments 
for  indicating  the  extent  to  which  Regnault's  values  of  total  heat  of 
saturated  steam  should  be  changed.  The  indications  obtained  from 
the  throttling  experiments  will  undoubtedly  be  suggestive  and  pos- 
sibly conclusive,  but  they  should  not  be  accepted,  without  experi- 
mental corroboration,  as  a  basis  for  a  revision  of  the  steam  tables. 
During  the  past  eighteen  years,  to  the  writer's  knowledge,  experi- 
ments have  been  made  with  the  object  of  obtaining  values  of  Cp  by 
throttling  steam.  The  results  have  never  been  consistent  among 
themselves,  nor  have  they  given  values  forCp  comparable  with  those 
which  have  been  made  by  the  direct  means  of  electrical  heating  of 
the  steam.  For  a  time  some  of  the  throttling  experiments  were 
accepted  by  engineers,  and  it  was  then  thought  that  the  specific  heat  of 
superheated  steam  was  very  much  higher  than  it  has  since  been  shown 
to  be,  the  errors  in  the  throttling  method  all  tending  to  increase  the 
apparent  value  of  Cp. 

10  Useful  as  the  throttling  calorimeter  is,  it  is  not  necessary  to 
remind  engineers  of  the  very  great  difficulty  of  obtaining  reliable 
or  at  all  consistent  results  as  to  quality  of  steam,  by  its  use,  no  matter 
how  great  care  is  employed  as  to  lagging,  position,  etc.  It  may  be  a 
question  of  uniformity  of  steam  conditions  at  inlet  to  the  instrument, 
or  in  the  instrument  itself  at  the  point  where  the  temperature  is 
taken.  The  writer  is  aware  that  the  method  by  which  Dr.  Davis 
proposes  to  use  the  results  of  calorimeter  experiments  does  not  involve 
precisely  the  same  considerations  as  those  involved  in  determining 
the  quality  of  steam,  or  in  fact  in  determining  the  specific  heat  of 
steam  by  the  throttling  method.  But  in  view  of  the  well-known 
troubles  that  have  been  experienced  in  these  two  lines  of  experimental 
work,  it  seems  decidedly  inadvisable  to  base  such  an  important  mat- 
ter as  a  revision  of  the  steam  tables  upon  experiments  in  throttling 
steam,  without  thorough  corroboration  by  direct  measurement. 

11  The  direct  measurement  of  the  total  heat  of  dry  steam  will  be 
possible  of  attainment  with  great  accuracy  as  soon  as  the  saturation 
line  above  referred  to,  and  the  heat  necessary  to  raise  the  tempera- 
ture of  unit  weight  of  steam  some  distance  above  saturation,  have 


Digitized  by  VjOOQIC 


770  THE   TOTAL  HEAT  OF   SATURATED   STEAlI 

been  definitdy  and  finally  determinecL  Means  of  implying  beat 
electrically,  in  absolutely  measurable  quantity  sufficient  not  only 
to  evnponte  water  into  dry  steam  but  to  superheat  the  steam  by 
some  known  amount,  afford  means  of  direct  measurement  of  the 
total  heat  of  dry  steam,  because  the  heat  applied  above  that  necessary 
to  obtain  the  saturation  condition  will  be  known,  as  soon  as  the  satu- 
ration curve  has  been  determined,  and  this  superheat  can  be  sub- 
tracted, leaving  as  a  remainder  the  total  heat  of  dry  saturated  steam« 
12  The  writer  would  not  wish  it  understood  that  he  urges  dday 
in  revising  the  steam  tables  until  his  own  experiments  shall  have  been 
completed.  That  is  not  at  all  the  point.  By  the  time  the  saturation 
curve  is  definitdy  located,  and  possibly  before,  the  writer  will  be 
^ad  to  turn  the  work  over  to  anyone  dse  who  may  be  in  position  to 
go  on  with  it;  or  the  desired  results  may  be  obtained  by  some  other 
experimenter  entirely  independently  and  before  the  writer's  expoi- 
ments  can  be  brought  to  a  satisfactory  conclusion;  but  since  methods 
of  direct  electrical  measurement  are  now  available  and  admiraUy 
adapted  to  this  purpose,  such  means  should  certainly  be  used  as  a 
check  upon  the  accuracy  of  the  methods  proposed  by  Dr.  Davis, 
before  engineers  are  asked  to  accept  a  new  set  of  steam  tables.  Other- 
wise we  shall  have  just  such  a  condition  of  uncertainty  r^arding  the 
accuracy  of  our  steam  tables  as  has  existed  for  many  years  with  r^ard 
to  the  specific  heat  of  superheated  steam. 

The  Author  The  friendly  words  both  of  approval  and  of  criti- 
cism with  which  this  paper  has  been  received  are  much  appreciated 
by  the  author.  In  particular  Professor  Peabody's  intention  to  recom- 
pute his  well-known  steam  tables  on  the  basis  of  these  new  values  b 
the  pleasantest  recognition  which  they  could  have.  The  ease  with 
which  this  can  be  done  for  the  wet  steam  part  of  his  temperature- 
entropy  diagram  is  most  surprising,  and  it  is  imfortunate  that  equally 
simple  laws  do  not  hold  for  superheated  steam.  It  is  hoped  that 
the  lack  of  references  which  he  criticises  will  be  remedied  by  the 
accompanying  partial  bibliography  of  the  subject. 

2  The  original  paper  should  also  have  contained  a  statement  as 
to  the  heat  unit  employed.  Two  such  are  available,  the  standard 
B.t.u.,  which  is  the  heat  required  to  raise  one  pound  of  water  from 
60  deg.  fahr.  to  61  deg.  fahr.,  and  the  mean  B.t.u.  whidi  is  the  180th 
part  of  the  heat  required  to  raise  a  pound  of  water  from  the  freeiing 
point  to  the  boiling-point.  Of  these,  the  second  is  better  known  in 
terms  of  mechanical  or  electrical  units  than  the  first,  because  the 
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specific  heat  of  water  happens  to  be  changing  with  temperature  more 
rapidly  near  60  deg.  fahr.  than  elsewhere,  so  that  the  experimental 
determination  of  the  standard  B.t.u.  is  difficult  and  uncertain.  An 
additional  advantage  of  the  mean  B.t.u.  is  the  simple  conversion- 
factor  (4)  between  steam  tables  based  on  it  and  those  based  on  the 
Bunsen  or  mean  calorie,  now  becoming  standard  abroad.  Inasmuch 
as  the  difference  between  the  mean  B.t.u.  and  the  60  deg.  B.t.u.  is 
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Fig.  1    RspRODUcnoN   op  Fig.  6   op  thb  Author's  Paper,  with   Values 


Added  op  Cp  prom  Thomas 


probably  between  one-thirtieth  and  one-tenth  of  one  per  cent,  so 
that  it  makes  practically  no  difiference  to  the  engineer  which  he  uses, 
the  mean  B.t.u.  has  been  used  in  this  paper  and  in  the  steam  tables 
which  are  to  be  based  on  it. 

3    It  seems  necessary  to  emphasize  again  that  the  point  of  view 

of  this  paper  is  not  so  much  that  the  question  of  the  specific  heat  of 

team  is  '.'about  settled,"  as  that  it  makes  very  little  difiference  in 
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the  results  of  this  paper  whether  it  is  settled  or  not,  because  the 
comptUcdion  method  is  extremdy  insensitive  to  errors  in  Cp.  This  is 
because  Cp  comes  in  as  a  factor,  not  in  the  whole  of  the  total  heat 
(H),  but  in  the  small  di£ference  between  a  given  H  and  a  standard 
B  313.  Now  the  largest  of  the  250  computed  differences  was 
about  45  B.t.u.  If  the  error  in  the  mean  C^  from  saturation  used 
in  computing  this  particular  difference  had  been  10  per  cent  too 
low,  the  error  in  the  resulting  H  would  have  been  only  4J  in  some- 
thing like  1200  B.t.u.,  or  just  over  a  third  of  one  per  cent.  This 
device  of  measuring,  not  the  whole  of  an  unknown  quantity,  but 
merely  the  difference  between  it  and  a  nearly  equal  standard, 
is  a  familiar  and  a  very  useful  one,  as  for  instance  in  the  accurate 
measurement  of  electrical  resistances  by  the  Carey-Foster  method. 
As  a  matter  of  fact,  the  actual  difference  between  Knoblauch's 
mean  Cp  and  Thomas'  in  the  particular  case  mentioned  above  was 
9.7  per  cent,  because  of  the  sudden  swoop  toward  saturation  of  the 
latter's  15-lb.  Cp  ciure.  The  use  of  Thomas'  values  instead  of 
Knoblauch's  would,  therefore,  make  a  difference  of  about  0.36  per 
cent  in  H  near  400  deg.  At  300  deg.  the  difference  would  be  well 
under  a  quarter  of  one  per  cent,  and  it  would  grow  rapidly  smaller 
as  one  approached  212  deg.  As  was  said  in  the  paper,  this  is  not  an 
estimate  of  the  probable  error  of  the  H  formula  given,  for  Thomas' 
values  at  low  pressures  and  close  to  saturation  are  generally  admitted 
to  be  too  large.  It  is  simply  to  show  strikingly  how  small  a  dif- 
ference in  H  is  caused  by  comparatively  large  changes  in  Cp. 

4  Finally,  the  statement  that  the  circularity  of  the  reasoning  at 
the  end  of  the  paper  is  apparent,  not  real,  has  been  questioned.  But 
the  value  of  H  at  212  deg..  and  two  other  values,  say  at  300  deg. 
and  at  380  deg.,  "corrected"  as  above,  can  easily  be  used  to  deter- 

mine  a  new  second-degree  equation  for  H,  and  new  values  of  -3-, 

at 

of  r  and  of  u,  based  wholly  on  Thomas^  values  of  Cp.    A  recomputa- 

tion  with  these  "corrected"  data  by  the  method  of  Par.  19  gives 

the  values  of  Cp  plotted  with  crosses  in  the  accompanying  figure, 

which  is  otherwise  a  reproduction  of   Fig.  6  of  the  paper.    The 

circles  in  it  were  obtained  in  the  same  way  from  data  based  wholly 

on  Knoblauch's  values  of  Cp.     It  is  evident  that  no  matter  what  set 

of  values  we  start  from,  the  method  leads  in  the  end  to  practically 

the  same  curve.    The  fact  that  this  curve  is,  in  general,  much  more 

like  Knoblauch's  than  like  Thomas'  would  seem  to  be  conclusive. 

5  The    first  seven    paragraphs   of   Professor   Thomas'    discus- 


Digitized  by  VjOOQIC 


THE  TOTAL  HEAT  OF  SATURATED  STEAM  773 

don  are  a  valuable  contribution  to  the  outstanding  C^  contro- 
versy, especially  his  statement  that  according  to  his  new  experiments, 
"there  is  no  question  that  a  comparatively  very  large  amount  of 
heat  is  required  to  cause  a  very  small  rise  of  temperature  of  dry  sat- 
urated steam. "  The  publication  of  these  new  results  will  be  eagerly 
awaited  by  all  interested  in  the  subject-  In  the  meantime,  it  should 
be  remembered  that  this  C^  controversy  has  much  less  to  do  with  the 
validity  of  the  results  in  this  paper  than  might  at  first  be  supposed. 
As  has  already  been  pointed  out  in  Par.  3  of  my  closure,  the  use  of 
Professor  Thomas'  values  of  C^  instead  of  Professor  Knoblauch's 
would  make  only  a  small  difference  in  H.  It  is  interesting  to  notice 
that  the  changed  values  of  H  would  be  even  farther  from  Regnault's 
than  are  those  proposed  in  this  paper. 

6  The  last  five  paragraphs  of  the  discussion  raise  a  much  more 
vital  question  as  to  the  validity  of  the  throttling  experiments  on 
which  this  paper  is  based.  This  criticism  has  also  been  made  by 
Professor  Heck.  It  is  true  that  throttling  experiments  have  fallen 
into  disrepute  "in  view  of  the  well-known  troubles  that  have  been 
experienced"  in  "two  lines  of  experimental  work,"  namely  in  deter- 
mining the  quality  of  wet  steam  and  in  computing  C^  from  H.  Of 
these,  the  latter  is  a  use  for  which  such  experiments  are  particularly 
ill-adapted,  and  it  is  this  very  fact  which  makes  the  reversal  of  the 
process — ^the  computation  of  H  from  C^ — so  insensitive  to  errors  in 
Cp.  As  to  the  former,  one  should  remember  that  the  ordinary  throt- 
tling calorimeter,  even  when  "  great  care  is  employed  as  to  lagging, 
position,  etc.,"  is  the  crudest  sort  of  an  instrument  of  precision,  as 
far  as  heat  insulation  and  the  measurement  of  the  low-side  tempera- 
ture are  concerned,  so  that  it  is  not  remarkable  that  great  accuracy 
is  not  attained. 

7  The  experimenters  whose  results  are  the  basis  of  this  paper 
used  apparatus  of  a  very  different  sort.  Their  three  different  sys- 
tems of  heat-insulation  and  of  thermometry,  although  by  no  means 
perfect,  were  much  better  than  those  of  which  the  average  engineer 
would  be  reminded  by  Professor  Thomas'  allusions  to  throttling 
calorimetry.  If  the  precautions  of  any  one  of  them  had  not  been 
effective,  no  such  agreement  of  results  based  on  their  work  could 
possibly  have  been  expected  as  is  actually  foimd.  The  value  of  their 
mutual  corroboration,  in  every  respect  that  concerns  this  paper,  is 
increased  by  the  fact  that  both  Griessmann  and  Peake  were  primarily 
interested  in  disproving  a  certain  conclusion  of  Grindley's,  so  that 
their  critical  attitude  might  have  been  counted  on  to  ensure  substan- 
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tial  improvements  in  Grindley's  results,  if  that  had  been  possible. 
If  this  paper  had  been  founded  on  Grindley's  work  alone,  the 
doubts  of  Professors  Thomas  and  Heck  would  have  had  great  weight; 
but  the  fact  that  all  three  pieces  of  work  were  used,  and  the  results 
agreed,  is  good  evidence  that  these  throttling  experiments  are  beyond 
the  uncertain  and  inconsistent  stage  which  Professor  Thomas  de- 
scribes* 
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*0f  these  only  the  first  had  been  published  when  the  computations  for  this  paper  were  beios 
made,  but  the  new  esmerimental  data  in  the  second  paper  agree  almost  perfectly  between  212 
deg.  and  400  deg.  with  the  raluea  which  were  used. 
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FUEL  ECONOMY  TESTS  AT  A  LARGE  OIL  BURN- 
ING ELECTRIC  POWER  PLANT  HAVING 
STEAM  ENGINE  PRIME  MOVERS 

By  C  R.  Weymouth,  San  Francisco,  Cal. 
Member  of  the  Society 

The  writer  desires  to  present  to  the  Society  the  results  of  various 
fuel  economy  tests  at  the  Redondo  Plant  of  the  Pacific  Light  and 
Power  Company,  near  Los  Angeles,  Cal.,  which  are  of  interest  both  by 
reason  of  steam  engines  having  been  used  as  prime  movers  and 
because  of  the  notable  economy  attained.  Owing  to  the  rigorous 
demands  on  commercially  operating  power  stations,  an  opportunity 
is  seldom  a£Forded  to  conduct  uniform  load  tests  on  a  complete  plant 
unit,  and  the  information  secured  is  therefore  considered  worthy  of 
presentation  before  the  Society. 

2  No  doubt  many  members  have  noted  in  September  issues  of 
some  of  the  leading  technical  papers  a  description  of  the  apparatus 
constituting  the  Redondo  plant.  For  the  better  imderstandingof  the 
results  herein  presented,  a  brief  statement  of  the  plant  make-up  will 
be  given. 

PLANT  DESCRIPTION 

3  The  station  consists  of  three  main  units  of  5000  kw.  each;  the 
layout  being  in  general  on  the  panel  system.  For  each  plant  unit, 
there  is  one  Mcintosh  and  Seymour  double  horizontal  and  vertical, 
compound,  condensing,  automatic,  grid-iron  valve  engine,  size  34 
and  70  by  66  in.,  directly  connected  to  an  alternator.  The  rated 
speed  is  100  r.p.m.  Each  engine  has  two  horizontal  high  pressure 
steam  cylinders,  and  two  vertical  low  pressure  cylinders  and  is 
designed  to  operate  at  175  lb.  maintained  throttle  pressure,  with  100 

[Data  upon  California  oils  and  their  beat  values  will  be  found  in  the  paper 
by  the  author  upon  **  Unnecessary  Losses  in  Firing  Fuel  Oil  and  an  Automatic 
System  for  Their  Elimination,''  No.  1214  in  this  volume — Editor.] 

Presented  at  the  New  York  Meeting  (December  1908)  of  The  American  Society 
of  Mechanical  Engineers. 
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deg.  fahr.  superheat  at  the  throttle.  All  steam  cut-oflf  valves  are 
under  control  of  the  one  shaft  governor.  This  engine  governor  is 
subject  to  variation  in  speed,  under  the  control  of  a  Mcintosh  and 
Seymour  electrically  operated  speed-changing  mechanism,  situated 
within  the  governor  and  operated  from  the  switchboard  gallery. 
Each  engine  is  fitted  with  two  superheating  receivers  designed 
not  only  to  separate  the  moisture  and  oil  in  the  exhaust  from  the 
high  pressure  cylinder,  but  also  to  superheat  the  steam  en  route  to 
the  low  pressure  cylinders. 

4  Directly  connected  to  each  engine  there  is  one  ATB-60-pole, 
5000-kw.  100-r.p.m.,  18  000-volt,  50-cycle,  3-phase  General  Electric 
generator  of  the  flyivheel  type.  The  revolving  field  is  provided  with 
squirrel  cage  winding  to  prevent  himting.  The  generator  field  rheo- 
stats are  motor-operated  with  remote  control  from  the  switchboard. 

5  In  each  plant  unit  are  six  Babcock  and  Wilcox  boilers  of  forged 
steel  construction,  arranged  in  three  batteries  of  two  each.  Pive 
boilers  are  intended  for  the  nominal  capacity  of  the  irnit,  the  sixth 
boiler  for  reserve.  The  boilers  are  21  sections  wide,  14  tubes  high,  18 
ft.  long,  with  three  42-in.  drums,  each  containing  a  total  effective 
water-heating  surface  of  6042  sq.  ft.  and  designed  for  200  lb.  working 
steam  pressure.  Each  boiler  is  equipped  with  one  Babcock  and  Wil- 
cox forged  steel  double-loop  superheater. 

6  The  boilers  are  provided  with  Peabody  patent  fuel  oil  burning 
furnaces,  having  a  furnace  depth  of  10  ft.  from  boiler  front  to  face  of 
bridge  wall  The  burner  head  is  placed  at  the  bridge  wall,  the  flame 
shooting  toward  the  boiler  front.  The  furnace  diverges  in  the  direc- 
tion of  the  flame,  corresponding  to  the  angle  of  inclination  of  boiler 
tubes.  Three  burners  are  used  per  boiler,  and  are  controlled  from 
the  boUer  front. 

7  Corresponding  to  each  main  generator,  there  is  one  75-kw. 
General  Electric  exciter,  driven  by  means  of  a  9  and  17  by  12  in. 
Harrisburg  tandem,  compound,  non-condensing,  piston  valve,  auto- 
matic, enclosed,  self-oiling  engine. 

8  There  are  two  Wheeler  condensers  for  each  main  engine,  located 
in  the  basement  below  the  operating  floor,  one  condenser  being  used 
for  each  low  pressure  cylinder.  The  exhaust  steam  is  led  directly 
from  the  low  pressure  cylinder  into  a  30-in.  exhaust  main,  and  after 
passing  through  a  90-deg.  sweep,  drops  directly  into  the  condenser. 
The  two  condensers  on  each  engine  are  cross-connected  so  that  both 
engines  can  exhaust  into  either  condenser  when  the  other  is  xmder- 
going  cleaning  or  repairs.     Each  condenser  contains  5002  sq.  ft.  of 
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cooling  surface,  consisting  of  |-in.  0.  D.  No.  18  B.W.G.  brass  tubes. 
In  addition  to  the  regular  cooling  surface  of  each  condenser,  there 
is  provided  in  the  upper  compartment  a  series  of  tubes  comprising  a 
Volz  Heater,  through  which  the  condensed  water  is  pumped  by  the 
air  pump  at  atmospheric  pressiu^.  The  feed  water  is  thus  heated  to 
within  a  few  degrees  of  the  temperature  of  the  exhaust  steam  surround- 
ing the  upper  tubes,  thus  compensating  for  the  cooling  action  due  to 
the  lower  condenser  tubes. 

9  Circulating  water  is  supplied  by  three  large  engine-driven  cen- 
trifugal pumps,  connected  to  a  common  pump  discharge  main. 
Branches  from  this  main  supply  cooling  water  to  all  condensers.  The 
outlets  from  all  condensers  connect  to  a  common  condenser  discharge 
main.  Each  condenser  has  one  Edwards  triplex,  suction,  valveless, 
single  action,  motor-driven  air  pump,  size  16  by  10  in. 

10  After  passing  through  the  Volz  heaters  the  condensed  water 
is  passed  through  suitably  constructed  filters  for  the  elimination  of 
the  greater  part  of  the  entrained  cylinder  oil.  The  outlet  of  the 
filters  is  connected  to  the  feed  pump  suction  main,  the  supply  of  water 
being  maintained  by  an  open  equalizing  hot  well,  which  is  also  con- 
nected to  the  suction  main. 

11  Each  xmit  has  one  Snow  duplex,  horizontal,  boiler-feed  pump, 
having  a  compoimd  non-condensing  steam  end  and  an  outside  center- 
packed  water  end.  Each  unit  also  contains  one  Goubert  vertical, 
closed,  auxiliary,  feed  water  heater,  of  the  multiple-flow  type,  having 
1000  sq.  ft.  of  effective  tube-heating  surface. 

12  The  condensation  in  the  main  engine  superheating  receiver 
coils,  is  led  to  a  simple  duplex  receiver  pump.  The  hot  water,  at  a 
temperature  of  about  360  deg.,  is  returned  under  boiler  pressure  to  one 
or  more  of  the  boilers  in  the  corresponding  unit.  The  oily  drips  from 
receiver  bodies  are  trapped  to  waste.  From  the  auxiliary  measuring 
tanks,  the  fuel  oil  is  first  pumped  through  a  Goubert  closed,  multi- 
flow  oil  heater,  in  which  the  oil  is  heated  to  a  temperature  of  approxi- 
mately 150  deg.  fahr.,  utilizing  the  exhaust  steam  from  the  oU  feed 
pump.  From  the  oil  heater  the  oil  is  led  to  an  oil  pressure  main  and 
thence  to  the  oil  burners  through  a  suitable  system  of  piping. 

13  An  automatic  system  of  regulation  was  employed  for  the 
firing  of  all  boilers  in  the  unit  tested,  hand  firing  being  used  on  the 
remainder  of  the  plant.  The  automatic  system  controls  the  supply 
of  oil  to  the  burners,  the  supply  of  steam  for  atomizing  purposes,  and 
the  supply  of  air  for  combustion.  This  control  is  obtained  through 
a  steam  pressure  regulator  which  operates  a  relief  valve  in  the  oil 
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pump  discharge  line,  and  is  actuated  by  the  variations  in  steam  pree- 
siu^  in  the  boiler.  This  means  of  control  causes  a  variation  in  the 
rate  of  burning  oil  comparable  with  the  momentary  load.  With  this 
system  all  burner  valves  may  be  left  wide  open  or  nearly  so,  and  it 
follows  that  the  intensity  of  firing  increases  or  decreases  simultane- 
ously in  all  the  boilers. 

14  The  supply  of  steam  to  burners  for  atomizing  purposes  is 
from  a  low  pressure  steam  main,  the  controlling  valv«5  at  each  of  the 
burners  being  left  wide  open  or  nearly  so.  The  variations  in  pressure 
in  the  low  pressure  steam  main  are  governed  automatically  by  varia- 
tions of  the  oil  pressure  in  the  oil  main.  The  regulator  used  throttles 
for  the  supply  of  live  steam  to  the  low  pressure  main,  to  produce  the 
desired  relationship  of  oil  pressm*e  and  steam  pressm*e  on  the  respec- 
tive burner  headers.  The  supply  of  air  for  combustion  is  automati- 
cally regulated  by  a  damper  controller,  operating  a  common  rock 
shaft  connected  to  all  boiler-outlet  dampers.  This  regulator  opens 
and  closes  all  boiler  dampers  S3aichronously  with  an  increase  or 
decrease  of  oil  pressure  in  the  oil  main. 

15  This  system  is  capable  of  such  operation  as  to  control  all  of 
its  functions.completelyand  automatically.  In  actual  practice,  how- 
ever, it  has  been  f oimd  desirable  to  watch  closely  the  firing  of  boilers 
to  make  certain  that  no  external  conditions  such  as  clogging  of  burners, 
distortion  of  flames  by  burners,  variation  in  temperature  of  fuel  oil  as 
fired,  etc.,  are  present  to  prevent  the  attainment  of  the  highest  possi- 
ble eflSciency.  To  minimize  heat  losses  due  to  radiation,  all  live 
steam  heat-radiating  siu^faces  are  covered  with  non-conducting  cover- 
ing 3  in.  in  thickness,  and  other  surfaces  are  covered  in  accordance 
with  the  dictates  of  good  practice. 

OUTUNE  OP  TESTS 

16  The  data  and  results  given  herein  are  based  on  the  following 
tests: 

a  Ofl&cial  15-day  variable  load  test  on  No.  2  plant  imit. 

6  Uniform  load  test  at  approximately  2000  kw.  output  No.  2 

plant  unit. 
c  Uniform  load  test   at  approximately  3000  kw.  on  No.  2 

unit. 
d  Uniform  load  test  at  approximately  4000  kw.  output  No.  2 

unit. 
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e  Uniform  load  test  at  approximately  6000  kw.  output  No. 

2  unit. 
/  Test  complete  plant  at  variable  load  similar  to  the  official 

test. 

These  tests  are  more  fully  described  under  their  respective  headings. 

OFFICIAL  FIFTEEN-DAY  TEST 

17  The  official  test  of  this  station  was  on  No.  2  plant  unit,  and 
was  made  to  determine  the  economy  of  the  plant  under  contract  condi- 
tions, as  a  basis  for  computing  the  bonus  earned  by  the  contractor, 
or  the  penalty  due  the  owner.  The  result  of  this  official  test  is  now 
common  knowledge,  but  not  all  the  conditions  surrounding  the  test 
have  been  heretofore  published;  and  as  the  result  of  the  official  test 
on  variable  load  is  of  interest  for  comparison  with  the  results  of  the 
uniform  load  test,  herein  presented,  the  writer  desires  to  review  the 
more  important  conditions  attending  the  official  trial.  The  contract 
placed  the  official  test  imder  control  of  a  testing  committee,  the 
members  selected  being  Prof.  C.  L.  Cory,  Dean  of  the  College  of  Elec- 
trical Engineering,  University  of  California,  as  Chairman;  Edward 
S.  Cobb,  Chief  Engineer  for  the  Pacific  Light  and  Power  Company, 
as  Purchaser's  Member;  and  the  writer,  having  charge  of  the  engineer- 
ing department  of  Chas.  C.  Moore  and  Company,  Engineers,  as 
Member  for  the  Contractor  (or  Company,  as  herein  referred  to  in 
extracts  from  the  contract). 

18  The  Contractor's  commercial  load  economy  guarantee  was  as 
follows: 

The  company  guarantees  ♦  ♦  ♦  that  the  "First  Unit"  ♦  ♦  ♦ 
when  operating  on  commercial  railway  load,  under  90  days  test,  conforming  to 
the  conditions  herein  specified,  will  develop  an  average  economy  of  170  kw-hr. 
per  barrel  of  oil. 

Duration  of  test  will  be  00  days. 

The  total  net  output  of  imit  under  test[^for;each  day  will  not  be  less  than 
60  000  kw-hr.,  and  not  more  than  78  000  kw-hr.' 

The  main  unit  imder  test  will  be  in  operation  during  19^  consecutive  hours  per 
day,  and  will  be  shut  down  4^  hours  per  day.  The  temperature  of  circulating 
water  entering  the  condensers  will  never  exceed  70  deg.  fahr. 

The  power  factor  of  the  electric  load  will  be  at  all  times  between  SO  and  100  per 
cent.  Total  load  on  5000-kw.  alternator  will  never  exceed  6000  kw.  The  load  on 
5000-kw.  generator  greater  than  5000  kw.  will  last  for  an  interval  not  greater  than 
^  min.  duration;  and  there  will  be  not  to  exceed  10  such  intervals  during  any 
hour  that  the  plant  is  under  test. 

The  load  on  the  unit  under  test  will  be  such  as  would  be  produced  by  the  regu- 
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Lar  and  normal  working  of  the  railway  system  to  which  the  power  is  furnished  by 
the  purchaser,  and  varying  within  the  limits  herein  described. 

The  load  will  not  be  manipulated  so  as  to  be  either  favorable  or  unfavorable 
to  the  showing  of  unit  imder  test,  within  the  limits  herein  q>ecified. 

19  It  was  optional  with  the  contractor  to  insist  on  the  operation 
of  the  test  unit  on  a  separate  transmission  line.  This  would  have 
inconvenienced  the  purchaser,  and  for  operating  reasons  a  compro- 
mise was  efiFected,  it  being  agreed  to  operate  the  test  unit  during  the 
official  test  in  accordance  with  an  agreed  load  curve,  subject  to  cer- 
tain upper  and  lower  limits  as  shown  in  Fig.  1,  in  which: 

Curve  A  shows  agreed  load  curve  to  be  followed  as  closely  as 

possible  by  electrical  operator,  as  determined  by  testing 

committee. 
Curve  B  shows  agreed  maximum  load  not  to  be  exceeded  by 

unit  during  test. 
Curve  C  shows  agreed  minimum  load  curve  below  which  the 

load  was  not  to  fall  during  test. 
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Fig.  1    Agreed  Load  Curves  5000-kw.  Unit  Official  Test 

OURVS  ▲  SHOWS  AGRXBD  LOAD  CUBYB  TO  BB  POLLOWBD  AS  CLOSBLT  AS  P088IBLB  BT  BLBCTRICAL 
OPBRATOR  AS  DBTBBMINBD  BT  TBSTINO  COMMITTBB;  TOTAUNG  72  280  KW-HR.  DAILY  OtTT- 
PUT.  CUBYB  B  SHOWS  AORBBO  MAXIMUM  LOAD  NOT  TO  BB  BXCBBDBD  BT  UNIT  DUBINa 
TBST.      OURYB  O  SHOWS   AGRBBD  MINIMUM  LOAD   OB  LOWBB  LIMIT  OF  OPBBATION  DUBINO 

TEST. 


20  The  control  of  the  load  during  test  was  thus  left  entirely  to  the 
purchaser's  station  operator  within  the  specified  limits  and  subject 
to  such  momentary  variations  as  would  be  imposed  on  the  test  unit 
by  the  fluctuation  in  load  on  purchaser's  system.    It  was  thus 
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attempted  to  generate  a  total  of  72  280  kw-hr.  per  day,  with  the 
understanding  that  should  the  total  kilowatt-hour  output  up  to 
any  hour  exceed  that  shown  by  the  load  curve  A,  then  during  the 
remainder  of  the  test  period  the  load  was  to  be  modified  to  correct 
for  any  variation  in  the  total  output,  so  as  to  maintain  the  total  daily 
output  of  the  unit  uniform  and  as  agreed. 

21  Endurance  features  having  been  established,  by  reason  of  the 
long  period  of  operation  previous  to  the  test,  the  period  of  test  was 
subsequently  reduced  from  90  to  15  da}rs.  And  owing  to  certain 
advantages  that  might  accrue  to  the  contractor,  such  as  superior 
economy  due  ip  shortening  of  test,  the  contractor  agreed  to  deduct 
from  the  bonus  otherwise  due  the  sum  of  $50  000  in  consideration  of 
this  reduction  of  test  period.  * 

22  Owing  to  the  use  of  a  circulating  water  discharge  main,  com- 
mon to  all  cu*culating  water  pumps,  and  the  steam  supply  pipes  of  the 
circulating  pump  engines  being  from  a  common  steam  main,  it  became 
necessary  to  eliminate  the  centrifugal  circulating  water  pump  from 
the  unit  under  test;  and  in  consideration  of  this  omission  the  contrac- 
tor rebated  the  piu^chaser  an  agreed  amoxmt  of  the  bonus. 

23  It  was  further  agreed  that  the  amount  of  circulating  water 
taken  by  the  two  condensers,  for  the  unit  xmder  test,  should  corre- 
spond to  a  rise  in  temperature  of  circulating  water  within  the  conden- 
ser, of  between  15  and  18  deg.  fahr.,  such  amount  of  water  being 
controlled  by  the  circulating  water  outlet  valves. 

24  In  connection  with  the  guarantees,  however,  it  should  be  stated 
that  the  economy  guarantee  was  based  on  the  purchaser's  supplying 
such  a  siphon  system  of  suction  and  retiu*n  circulating  water  piping, 
that  the  total  head  imposed  on  circulating  pump  due  to  friction  and 
flow  of  water  within  pipes,  would  not  exceed  a  total  of  5  ft. 

25  The  economy  guaranteed  initially  included  the  provision  for 
lighting  the  imit  under  test  from  energy  generated  by  the  test  unit. 
Correction  for  lighting  was  made  by  deducting  from  the  total  net  out- 
put of  the  unit  under  test  an  amoimt  of  power  equivalent  to  126 
kw-hr.  per  day,  and  the  reported  economy  is  based  on  the  net  figure 
after  making  this  deduction. 

26  During  the  test  the  power  for  operating  the  air  pump  motors, 
for  operating  motors  connected  to  circulating  pumps  used  for  passing 
cooling  water  through  engine  bearings  and  guides,  for  operating 
electric  motor  in  main  engine  speed-changing  device,  and  for  operat- 
ing electric  motor  for  controlling  switches,  wfw  taken  from  the  leads 
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of  the  main  generator  in  such  a  way  as  to  compel  the  watt  meters  to 
indicate  only  the  net  useful  output  of  the  unit. 

27  It  is  only  fair  to  state  that,  owing  to  the  layout  of  the  plant, 
certain  auxiliary  apparatus  in  connection  with  the  plant  was  installed 
by  the  pm*chaser,  power  for  which  was  not  taken  from  the  unit  imder 
test;  such  auxiliaries  include  the  following: 

a  Electric  motor  for  pumping  oil  from  the  main  oil  storage 
tank  to  weighing  tanks:  the  purchaser  was  compelled  to 
install  this  electric  pump  owing  to  the  topography  of 
plant  site,  the  usual  gravity  feed  from  main  tanks  to  auxil- 
iary suction  tanks  being  impossible,  by  reason  of  the  ele- 
vation of  temporary  receiving  tanks  on  weighing  scales. 

b  Electric  motor  for  pumping  feed  water  from  the  wells,  con- 
stituting the  purchaser's  fresh  water  supply  plant,  and 
delivery  to  the  plant  under  a  slight  pressure,  equivalent  to 
a  normal  city  supply. 

c  Two  small  Westinghouse  air  compressors  common  to  the 
entire  plant,  for  compressing  air,  used  for  cleaning  genera- 
tors, operating  certain  switches,  and  forcing  cylinder  oil 
from  the  filtering  tanks  through  a  piping  system,  to  save 
labor  of  handling  by  oilers. 

d  Sump  pump  common  to  the  entire  plant,  necessary  for 
pumping  overboard  waste  water  from  the  various  sumps; 
these  pumps  were  installed  by  the  purchaser  by  reason  of 
the  level  of  sump  being  lower  than  sewer. 

e  Electric  motor  of  50  h.p.  for  operating  12  by  12  in.  duplex 
vacuum  pump,  installed  by  purchaser  to  remove  accumu- 
lation of  air  in  long  suction  and  return  circulating  water 
pipes;  this  motor  operated  intermittently. 

It  will  be  recognized  that  the  auxiliaries  omitted,  with  the  exception 
of  the  circulating  pumps,  are  not  necessarily  essential  in  the  generation 
of  power,  that  is,  they  may  or  may  not  be  required  in  a  power  plant, 
depending  upon  local  conditions,  etc. 

28  During  the  tests  special  weighing  and  receiving  tanks  were 
provided  for  the  measm*ement  of  the  fuel  oil  required  by  the  unit  under 
test.  After  weighing,  the  oil  was  emptied  into  a  receiving  and  heat- 
ing tank,  the  heating  being  done  by  steam  from  the  unit  under  test, 
and  from  there  conveyed  by  gravity  to  the  oil  feed  pump  used  for 
feeding  oil  to  the  burners. 
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29  All  instruments  were  accurately  calibrated  and  standardized. 
For  piu^poses  of  the  tests  a  total  of  twelve  integrating  watt  meters  were 
purchased,  and  after  calibration  in  place  under  conditions  of  opera- 
tion, it  was  finally  decided  to  determine  the  power  output  by  using 
one  watt  meter  in  each  phase  of  the  generator,  there  being  three 
reseFve  watt  meters.  Meters  were  connected  in  the  main  winding  of 
the  generator  between  the  grounded  center  of  the  winding  and  the 
winding  itself. 

30  For  the  calibration  of  electrical  instruments  the  testing  com- 
mittee employed  Mr.  E.  F.  Scattergood  of  Los  Angeles,  an  Electrical 
Engineer  and  a  specialist  in  such  work.  There  were  used  certain 
standards  furnished  by  him,  certain  standards  supplied  by  the  elec- 
trical engineering  department  of  the  University  of  California,  and 
certain  other  standards  secured  from  the  Bureau  of  Standards,  Wash- 
ington, D.  C.  The  oil  analyses  and  heat  determinations  were  made 
by  Prof.  Ekimond  O'Neill,  of  the  department  of  chemistry.  University 
of  California.  Check  analyses  and  determinations  were  made  by 
other  chemists. 

31  A  large  corps  of  assistants  and  observers  were  employed  dur- 
ing the  tests.  At  one  time  a  total  of  80  persons  was  directly  involved. 
The  neutral  observers,  including  the  members  of  the  graduating 
classes  in  electrical  and  mechanical  engineering  of  the  University  of 
California,  were  under  the  direction  of  the  chairman  of  the  testing 
committee.  In  all  details  of  the  test  care  and  accuracy,  in  keeping 
with  the  importance  of  the  various  determinations  and  the  amount 
of  bonus  money  involved,  were  observed. 

UNIFORM   LOAD  TESTS 

32  During  the  uniform  load  tests  the  same  general  conditions 
prevailed  as  during  the  official  trial,  except  as  herein  indicated. 
Though  unofficial,  the  determination  of  fuel  burned  and  power  out- 
put during  the  uniform  load  tests  was  still  under  control  of  the  test- 
ing committee  and  the  same  corps  of  observers,  although  the  watt 
meter  readings  were  taken  less  frequently,  as  a  result  of  experience 
during  the  official  trial.  The  calculated  economies  given  are  obtained 
from  the  readings  made  by  the  neutral  observers.  It  should  be  stated 
however  that  the  testing  committee  never  completed  any  official 
report  for  these  uniform  load  tests,  as  the  results  of  the  uniform  load 
tests  were  of  no  consideration  in  determining  the  amount  of  bonus 
to  be  paid  the  contractor, 
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VARIABLE   LOAD  TEST  OF   THE    COMPLETE   PLANT 

33  During  this  test  the  entire  plant  was  operated  under  commer- 
cial conditions  of  load,  except  that  an  attempt  was  made  to  follow  on 
all  three  units  the  load  curve  used  during  the  official  test.  The  circu- 
lating pumps  were  supplied  with  steam  from  the  various  boilers,  and 
all  plant  auxiliaries,  including  those  omitted  from  official  test,  were 
included  in  the  complete  plant  test.  All  these  last  named  auxili- 
aries were  not  in  use  at  aU  times,  however,  but  only  for  the  following 
periods:  10-h.p.  motor  for  water  supply  pump,  in  operation  during, 
entire  test;  60-h.p.  motor  for  vacuum  pump,  16^  hr.;  and  10-h.p. 
motor-operating  pump  for  pumping  oil  from  main  to  auxiUary  tante, 
in  use  dm'ing  greater  part  of  test.  The  output  of  all  units  was  deter- 
mined by  means  of  station  watt  meters  which  have  since  been  carefully 
calibrated  by  the  purchaser,  and  the  correction  factors  as  found  applied 
to  the  observed  readings. 

34  This  test  did  not  in  any  sense  do  justice  to  the  plant,  owing  to 
operating  conditions  as  explained  below,  and  for  this  reason  the  test 
was  protested  by  the  writer  and  at  the  time  was  discarded  by  the 
testing  committee.  The,  writer  has  since  felt,  however,  that  the 
result  is  of  interest,  and  o£Fers  it  with  this  explanation. 

OPERATING  CONDITIONS  DURING  TESTS 

35  During  all  the  tests  the  plant  was  handled  by  the  regular 
station  operators  under  the  control  of  the  contractor's  superintend- 
ent of  construction,  Mr.  J.  R.  Atchison. 

36  The  load  was  quite  variable,  necessitating  constant  adjust- 
ment of  auxiliaries,  oil  burners,  dampers,  etc.  On  boilers  of  No.  2 
unit,  the  automatic  system  of  firing  was  used  during  the  official  test 
and  dimng  uniform  load  tests.  Control  of  oil  burners  and  dampers 
on  No.  1  and  No.  3  units  dming  the  complete  plant  test  was  by  hand. 

37  The  contractor's  experts  were  present  during  all  tests  and 
cautioned  the  operators  when  necessary.  Dr.  D.  S.  Jacobus,  a  mem- 
ber of  the  Society  and  Advisory  Engineer  for  the  Babcock  and  Wilcox 
Company,  was  present  during  all  the  tests,  and  as  manufacturer's 
representative;  Mr.  Harte  Cooke,  a  member  of  the  Society,  represent- 
ing Mcintosh,  Seymour  and  Company,  was  also  present  during  aU 
the  tests,  and  much  credit  is  due  to  both  for  the  exceptional  per- 
formance of  representative  apparatus. 

38  During  the  official  15-day  test  certain  imfavorable  conditions 
predominated,  for  which  no  correction  has  been  made  in  the  stated 
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economy.  Owing  to  the  accumulation  of  sea  weed  in  the  circulating 
water  pipe  line  and  the  interruption  of  flow  of  circulating  water 
through  the  condensers,  there  were  intervals  when  either  one  or  both 
condensers  of  the  test  unit  operated  at  a  reduced  vacuum,  and  at  other 
times  it  was  necessary  to  run  the  engine  non-condensing.  Frequent 
shorts  occurred  on  the  lines,  and  again  periods  of  excessive  overload. 
During  the  oflBcial  test,  instead  of  following  the  comparative  smooth 
load  curve  agreed,  as  shown  in  Rg.  1,  momentary  changes  in  load 
were  of  considerable  magnitude.  Rg.  2,  curve  A,  shows  the  actual 
load  curve  reproduced  from  the  record  of  the  Westinghouse  poly- 
phase, curve-tracing;  indicating  station  watt  meter,  for  one  day  of 
the  15-da3'  test,  being  an  average  day  in  regard  to  the  momentary 
variations  of  load.  Actual  load  curves  are  similarly  given  for  all 
uniform  load  tests.  A  marked  saw-tooth  effect  will  be  noted,  mo- 
mentary changes  being  so  violent  as  to  cause  unfavorable  economy, 
these  variations  in  load  not  only  affecting  the  economy  of  the  prime 
mover,  but  also  the  performance  of  boilers,  the  continual  change  in 
rate  of  oil  firing,  air  supply,  steam  supply  to  burners,  etc.,  making  it 
impossible  to  secure  the  best  results;  although  the  automatic  firing 
system  emplolyed  on  No.  2  unit  no  doubt  greatly  reduced  such  losses. 

39  It  will  be  noted  that  certain  of  the  uniform  load  tests  were  of 
comparativey  short  duration.  The  results  of  such  tests  are  therefore 
subject  to  slight  error.  The  initial  period  of  starting  the  uniform 
load  tests  was  determined  by  the  testing  committee,  and  while^the 
writer  has  reluctantly  assented  to  certain  of  these  intervals,  it  will 
be  self-evident  that  for  certain  of  these  tests  the  period  allowed  for 
warming  up  boilers  before  starting  of  test  was  not  sufficient  to  elimi- 
nate all  of  the  heat  storage  effect,  and  is  not  fully  in  accordance  with 
the  Society's  rules  for  conducting  such  trials.  Previous  to  certain 
tests,  the  boilers  had  been  down  for  such  lengths  of  time  as  to  be 
practically  cold.  In  other  cases  the  boilers  had  been  at  stand-by  for 
four  or  more  hours  previous  to  starting  fires;  except  during  the  3000 
kw.  tes  t  where  the  boilers  after  pre  vious  day's  run  were  kept  up  to  steam 
pressure  by  intermittent  firing.  The  results,  therefore,  from  this 
standpoint  are  slightly  unfavorable,  the  fuel  consumption  stated  in- 
volving to  some  extent  the  fuel  loss  due  to  warming  up  the  boilers. 

40  The  test  for  the  2000-kw,  load  was^made  with  three  instead  of 
five  boilers  in  operation,  as  is  the  regular  practice  at  this  plant  during 
any  prolonged  running  at  such  load.  Owing  to  the  short  period  of 
the  test,  it  would  have  been  impossible  to  keep  the  two  idle  boilers 
on  the  line  and  fire  at  intervals  during  the  test,  in  such  a  manner  as  to 
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guarantee  the  same  amount  of  heat  storage  in  the  idle  boilers  at  both 
commencement  and  end  of  the  test  period.  The  amount  of  such  loss 
due  to  stand-by  of  the  idle  boilers  was  therefore  determined  separately 
by  actual  measurement,  and  the  resulting  fuel  loss  is  given  in  the 
accompanying  table,  corresponding  to  which  due  correction  in  econ- 
omy has  also  been  figured.  The  amountof  this  correction  corresponds 
to  the  heat  necessary  to  keep  the  two  idle  boilers  continuously  up  to 
full  boiler  pressure.  It  is  a  fact,  however,  that  the  actual  stand-by 
loss  was  less  than  this  amount,  owing  to  the  reduction  in  the  rate  of 
heat  radiation  which  takes  place  after  the  boiler  has  appreciably 
cooled. 

41  During  the  uniform  load  tests  it  was  necessary,  owing  to  pecu- 
liar conditions  of  operation,  to  lower  materially  the  power  factor  of 
the  imit  under  test,  in  order  to  control  the  load  on  same  more  readily. 
Owing  to  this  lowering  of  the  power  factor  below  the  range  for  which 
the  watt  meters  were  carefully  calibrated,  an  error  was  introduced  in 
the  readings,  manifesting  itself  in  a  tendency  of  the  meters  to  run  too 
slow,  thus  indicating  an  output  less  than  actual.  Further,  owing  to 
the  lower  power  factor  imposed  on  the  main  generator,  the  (PR  and 
other  losses  were  greater  than  normal  (80  to  100  per  cent),  causing  a 
falling  off  in  generator  efficiency  and  consequent  reduction  of  fuel 
economy. 

42  During  the  complete  plant  test  the  head  on  the  circulating 
pumps  was  measured  and  averaged  in  the  neighborhood  of  35  ft. 
This  excess  head  is  due  to  the  fact  that  the  purchaser  met  with  certain 
reverses  in  the  installation  of  the  circulating  water  pipe  line,  making  it 
necessary  to  install  internal-angle  iron  strengthening  ribs.  The 
suction  and  discharge  piping  is  also  subject  to  certain  air  leakage, 
and  to  a  considerable  accumulation  of  sea  weed,  both  in  the  main  suc- 
tion line  and  in  the  suction  line  strainers.  As  a  result  of  this  condi- 
tion, not  only  were  the  total  head  and  duty  imposed  on  the  circulating 
pumps  during  the  complete  plant  test  exorbitant,  but  the  quantity 
of  circulating  water  handled  was  not  quite  sufficient  for  the'  most 
economical  vacuum  requirements  when  all  three  units  were  in  opera- 
tion. 

43  For  periods  during  the  complete  plant  test,  the  vacuum  was 
very  poor  indeed,  owing  to  the  accumulated  sea  weed  in  the 
suction  line  and  condensers  faster  than  the  strainers  could  care  for 
it.  During  all  these  tests,  certain  imfavorable  conditions  existed 
as  to  the  character  of  oil  burned  and  the  treatment  of  same  prepara- 
tory to  burning,  as  explained  more  fully  below  under  the  caption, 
Fuel  Oil  Specifications  and  Corrections, 
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OBSERVED   DATA     * 

44  In  Table  1  is  given  a  summary  of  all  the  observed  data  and 
the  calculated  results  for  the  various  tests,  including  averages  of  steam 
pressure  at  engine  throttles,  superheat  at  engine  throttles,  condenser 
vacuums,  circulating  water  temperatiu-es,  etc. 

FUEL  OIL  SPECIFICATIONS   AND  CORRECTIONS 

45  Certain  arbitrary  corrections  were  agreed  on  in  formulating 
the  guarantee  of  this  plant,  and  the  nature  of  such  corrections  should 
be  well  understood  in  order  to  gage  the  value  of  the  results  hecein 
given  and  the  possible  error  that  may  have  been  introduced  by  reason 
of  such  corrections. 
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CVRTS  A  SHOWS  FUXL  XCONOMT  AT  VARIOUS  FRACTIONAL  LOADS  IN  KILOWATT  HOURS  PBB  BAR- 
^RXL^Or  OIL.  CURVB  B  SHOWS  RXLATIYR  FUXL  XCONOMT  AT  FRACTIONAL  LOADS  AS  OOM- 
PARXD  WITH  XCONOMT  AT  RATED  LOAD  OF  5000  KW.  POINTS  MARKED  Q  WKRR  OBTAINED  FROM 
THX  AVBRAOBD  LOAD  OF  THX  15-DAT  VARIABLE  LOAD  TEST.  POINTS  FOR  THE  2000-KW. 
TEST  WERE  CALCULATED  FOR  6  BOILERS  IN  SERVICE  INSTEAD  OF  3  AS  ACTUALLY  USED. 
POINTS  FOR  3  BOILERS  SHOWN  THUS  A. 

46  It  is  well  known  that  with  the  poorer  grades  of  coal,  having 
excessive  quantities  of  ash,  sulphur,  moisture,  and  other  volatile 
matter,  there  is  a  falling  oflf  in  the  furnace  eflSciency  as  compared 
with  the  combustion  of  the  better  grades  of  coal;  so  with  crude  oil 
having  excessive  quantities  of  moisture,  sulphur  and  silt,  or  of  low 
specific  gravity,  there  is  an  appreciable  falling  oflf  in  the  furnace 
efficiency  as  compared  with  a  grade  of  crude  oil  of  average  quality. 
It  is  certain  however  that  most  of  the  losses  due  to  foreign  matter  are 
less  with  oil  fuel  than  with  coal,  but  the  exact  extent  of  these  losses  is 
80  far  unknown* 
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47  The  writer  would  explain  that  during  the  preliminary  negotia- 
tions for  the  Redondo  plant  the  contractor's  guarantee  of  170  kw-hr. 
per  barrel  of  oil  was  based  on  an  average  quality  of  Bakersfield 
crude  oil,  of  known  furnace  performance,  having  the  following  specifi- 
cations: 

Specific  gravity,  16  deg.  Baume. 
Corresponding  weight  per  bbl.,  336  lb. 
Heat  units  per  lb.  of  oil  calorimeter  test,  18  600. 
Moisture  limit,  1  per  cent. 
Sulphur  limit  i  per  cent. 

48  On  the  day  of  closing  the  contract  the  purchaser  insisted  on 
testing  the  plant  with  oil  secured  from  the  purchaser's  nearby  wells; 
and  while  this  oil  never  had  been  used  during  any  authentic  boiler 
trials,  yet  it  was  known  to  be  of  low  gravity,  and  low  in  heat  units, 
to  have  considerable  quantities  of  both  moisture  and  sulphur,  and  in 
general  to  be  a  decidedly  inferior  grade  of  oil. 

49  After  some  discussion  a  compromise  was  affected,  whereby 
the  economy  guarantee  was  allowed  to  remain  as  stated,  the  oil 
specifications  being  changed  to  the  following: 

Minimum  specific  gravity  of  oil,  14  deg.  Baume. 
Maximum  specific  gravity  of  oil,  18  deg.  Baume. 
Agreed  weight  per  bbl.,  334  lb. 
Minimum  heat  units  per  lb.  of  oil,  17  000. 
Moisture  limit,  5  per  cent. 
Sulphur  limit,  2^  per  cent. 
Silt,  etc.,  limit,  i  per  cent. 

50  It  was  finally  agreed  that  in  addition  to  correcting  on  the  heat 
unit  basis  a  further  correction  should  be  made  for  the  presence  of 
sulphur  exceeding  the  limit  of  1  per  cent  or  moisture  excwding  i  per 
cent,  and  the  purchaser  should  be  penalized  by  deducting  as  oil  from 
the  weight  of  oil  fired  the  weight  of  all  moisture  in  excess  of  i  per 
cent,  all  sulphur  in  excess  of  1  per  cent  and  all  silt  and  other  foreign 
matter. 

51  It  is  a  well  known  fact  that  oil,  low  in  gravity,  requires  an 
excess  of  steam  for  preheating  in  the  auxiliary  suction  tanks,  both 
for  the  preliminary  treatment  of  the  oil  in  an  attempt  to  remove 
the  excess  of  moisture  and  silt  by  warming  and  also  'to  enable  the  oil 
pressure  pumps  to  lift  this  oil,  under  suction  without  danger  of  inter- 
ruption in  the  pumping  of  oil  to  the  burners.     It  is  also  well  known 


Digitized  by  VjOOQIC 


FUEL  ECONOMY  TESTS 


791 


that  all  crude  oils  are  complex  mixtures  of  various  hydro-carbons, 
that  distillation  takes  place  to  varying  extents  at  all  temperatures, 
and  that  the  higher  the  temperature  to  which  the  oil  is  heated  in  an 
open  tank,  the  greater  the  loss  due  to  such  distillation.  The  writer 
had  tests  made  by  Mr.  C.  H.  Shepard,  chemist,  of  San  Francisco,  to 
determine  as  near  as  may  be  the  loss  due  to  distillation  caused  by 
such  preheating  in  the  case  of  the  Redondo  tests  and  his  report  is  as 
follows: 

Regarding  the  loss  by  distillation  in  open  tank  at  temperatures  of  120  deg. 
fahr.  and  130  deg.  fahr.,  you  stated  in  your  letter  that  you  were  using  about 
100  000  lb.  of  oil  per  day  and  that  the  diameter  of  your  tank  is  about  10  ft.  I 
assume  that  you  would  have  about  40  000  lb.  of  oil  in  the  tanks.  If  the  oil  were 
flowing  in  and  out  at  the  same  rate  any  particle  of  oil  would  take  at  least  eight 
hours  to  pass  through  the  tank.  I  have  kept  one  sample  for  eight  hours  at  120 
deg.  fahr.  and  another  for  eight  hours  at  130  deg.  fahr.  in  open  vessels  4  in.  in 
diameter  and  oil  to  a  depth  of  about  3i  in.  without  agitation.  Resiilts  are  as 
follows: 

TABLE  2 


At  120  deg.  fahr. 
for  8  hr. 


At  130  deg.  fahr. 
for  8  hr. 


Total  loas  in  weight 

Loss  of  water 

Loas  of  <^I 

Heat  unit  loas  at  20  000  per  lb.. 


1.53% 

.35% 

1.18% 

.236  B.t.u. 


1.96% 
.59% 
1.36% 
.272  B.t.u. 


Per  cent  in  water  in  original  sample  was  by  distillation  2.75  per  cent. 


52  It  is  further  well  known  that  the  heavier  the  oil,  the  greater 
the  amount  of  heating  necessary  in  the  pressure  heaters  between 
pumps  and  burners,  where  heat  is  added  to  facilitate  atomization  of 
the  oil  and  to  economize  in  the  amount  of  steam  necessary  for  such 
atomization.  In  addition  to  the  general  falling  oflf  in  furnace  effi- 
ciency due  to  the  poorer  grade  of  crude  oil,  there  was  a  further  and 
rather  indeterminate  loss  due  to  the  effect  of  sulphur  and  silt,  which 
caused  a  slight  clogging  and  corrosion  of  the  burners  and  at  times  a 
distortion  of  the  flames.  The  sulphur  fumes  from  the  products  of 
combustion  also  escaped  from  the  boiler  setting,  causing  a  serious 
annoyance  to  the  firemen  and  necessitating  an  excess  of  air  supply  to 
overcome  the  trouble.  With  the  particular  setting  of  front  and  rear 
dampers  for  greatest  economy  and  minimum  air  supply,  there  was  at 
the  top  of  the  first  pass  inside  of  the  boiler  setting,  a  positive  pressure 
in  lieu  of  a  draft,  due  to  the  lighter  column  of  very  high  temporatur^ 
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gases  within  the  boiler  setting,  as  compared  with  the  weight  of  the 
outside  air  at  the  boiler  room  temperature.  Sulphur  was  present  in 
the  oil  to  such  an  extent  that  the  firemen  were  seriously  annoyed 
unless  an  excess  of  air  was  admitted,  increasing  the  draft  within  the 
boiler  setting  and  preventing  the  escape  of  sulphurous  fumes,  thereby 
causing  the  well  recognized  loss  in  economy  due  to  excess  air. 

53  With  our  present  knowledge  of  the  combustion  of  oil  fuel, 
it  is  impossible  to  rationalize  the  results  of  the  Redondo  tests  so  as 
to  determine  exactly  the  true  thermal  efficiency  that  would  have 
been  attained  had  an  average  grade  of  crude  oil  been  used.  During 
the  tests,  as  will  be  noted  from  the  values  given  in  Table  1,  the 
grade  of  oil  used  was  of  very  low  specific  gravity  and  contained 
excessive  quantities  of  moisture,  sulphur  and  silt.  It  is  indisputable 
that  an  appreciable  loss  in  efficiency  resulted  from  the  presence  of 
these  foreign  substances,  but  owing  to  the  arbitrary  nature  of  the 
corrections  made  the  plant  economies  herein  stated  may  be  in  error 
by  small  percentages,  the  amount  of  which  must  remain  indetermin- 
ate. This  criticism  will  likewise  apply  to  all  similar  tests  which  are 
not  made  with  a  grade  of  fuel  recognized  as  standard. 

54  As  a  matter  of  interest,  the  writer  has  included  in  Table  1 
figures  showing  the  plant  efficiency  omitting  the  contract  corrections; 
it  must  be  borne  in  mind,  however,  as  above  stated,  that  these  figures 
evidently  represent  a  lower  economy  than  would  have  been  obtained 
with  the  standard  grade  of  oil  specified. 

55  Considerably  better  economy  would  be  expected  in  the  uni- 
form load  tests  than  was  secured  in  the  official  t^,  namely  252.842 
kw-hr.  per  barrel  of  oil.  The  actual  results  were  not  very  much 
higher,  however,  for  as  already  explained  under  the  heading  of  Operat- 
ing CJonditions  During  Tests,  the  period  allowed  for  warming  up  the 
boilers  before  starting  certain  of  the  uniform  load  tests  was  not  suffi- 
cient to  overcome  the  loss  due  to  radiation  during  the  lay-over  period 
and  the  results  were  lower  than  they  should  be  on  this  account.  It 
should  also  be  borne  in  mind  that  in  the  so-called  uniform  load  tests 
the  actual  load  varied  from  time  to  time,  requiring  a  constant  adjust- 
ment of  oil  burners,  dampers  and  auxiliary  apparatus,  and  while  the 
magnitude  of  these  variations  was  small  yet  the  variation  in  load  was 
such  as  to  cause  a  loss  in  economy  as  compared  with  an  absolutely 
uniform  load. 

56  The  economy  obtained  at  the  various  uniform  loads  is  plotted 
in  the  curve  shown  in  Fig.  3.  The  economy  at  various  fractional 
loads  as  compared  with  the  economy  at  the  rated  load  is  also  shown 
in^Fig.  3. 
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57  Inasmuch  as  the  absolute  economy  at  the  various  uniform 
loads  is  probably  greater  than  reported,  for  reasons  pointed  out  nbove, 
and  as  the  correct  economy  at  the  uniform  load  tests  would  probably 
be  a  small  but  uniform  percentage  greater  throughout  all  of  such  tests, 
it  is  fair  to  assume  that  the  relative  economies  as  shown  are  reason- 
ably accurate,  and  for  this  reason  the  writer  considers  the  curve  show- 
ing the  relationship  of  economies  at  various  loads  to  be  of  greater 
value  than  the  results  of  individual  tests.  There  has  also  been  plotted 
the  points  corresponding  to  three  in  lieu  of  five  boilers,  for  2000-kw. 
load,  for  both  of  the  above  curves,  as  well  as  the  economy  obtained 
for  the  official  test  for  the  equivalent  average  load. 

68  In  studying  these  curves  it  should  be  borne  in  mind  that  the 
results  given  indicate  the  entire  falling  off  in  fractional  load  efficiency 
for  the  complete  plant,  being  the  multiplied  effect  due  to]^various 
losses,  such  as  electrical  efficiency  of  generator,  mechanical  efficiency 
of  engine,  indicated  economy  of  engine,  auxiliary  performance,  and  the 
greater  effect  at  light  load  of  dead  load  losses,  such  as  heat  radiation 
from  exposed  piping  and  other  radiating  surfaces,  and  the  loss  in 
efficiency  of  boilers  owing  to  operation  at  fractional  loads.  As  the 
total  effect  of  all  these  losses  is  relatively  small,  it  is  in  itself  evidence 
of  the  high  maintained  steam  economy  of  the  prime  mover  at  very 
light  loads.  The  combined  efficiencies  of  engine  and  generator  are 
shown  in  Table  1  and  as  this  falling  off  in  efficiency  at  light  loads 
is  quite  apparent,  it  offers  additional  evidence  as  to  the  maintained 
indicated  economy  of  engine  at  fractional  loads. 

59  A  falling  off  in  economy  would  be  expected  for  the  complete 
plant  test  of  all  three  imits  as  compared  with  the  official  test  of  No. 
2  unit  for  many  reasons;  among  these  are  the  excess  of  head  imposed 
on  circulating  pump  on  account  of  pipe  line,  for  reasons  explained 
above;  the  deficiency  in  quantity  of  circulating  water,  causing  a 
severe  loss  of  vacuum  at  intervals,  and  at  the  completion  of  test  the 
operation  of  the  plant  non-condensing;  the  use  of  energy  from  the 
plant  to  operate  a  50-h.p.  motor  driving  a  12  by  12  in.  duplex  vacuum 
pump,  necessary  to  remove  air  leakage  in  suction  line;  the  use  of 
energy  in  pumping  water  from  the  plant  for  operating  motor-driven 
oil  pumps  in  pumping  oil  from  main  oil  tanks  to  auxiliary  oil  tanks; 
the  use  of  energy  from  plant  in  pumping  well  water  from  the  pur- 
chaser's wells  to  the  plant;  the  energy  used  for  pumping  out  sumps; 
the  energy  used  for  lighting  various  surrounding  buildings  and  wharf; 
the  necessity  for  hand  control  of  firing  the  boilers  of  No.  1  and  No.  3 
units,  the  automatic  system  being  in  use  on  No.  2  unit  only.     Con- 
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sideling  all  of  these  conditions,  the  economy  for  the  complete  plant 
is  very  favorable  indeed. 

60  As  having  a  bearing  on  the  economy  of  the  plant,  the  writer 
would  explain  that  to  conform  to  the  contract  load  requirements 
during  test,  which  are  designated  as  the  maximum  reqiurements  of 
the  plant  during  commercial  operation,  and  further  to  economize  in 
the  first  cost  of  plant,  the  main  engines  were  initially  selected  to  have 
a  normal  rated  capacity  of  4000  kw.  in  lieu  of  5000  kw.,  the  rated 
capacity  of  generators.  The  writer  hoped  thereby  to  obtain  suffi- 
ciently increased  economy  at  the  lighter  loads  to  offset  the  possible 
loss  in  economy  due  to  overload.  It  has  been  shown  that  these  4000- 
kw.  engines  are  capable  of  carrying  overloads  in  excess  of  7000  kw. 
It  appears,  however,  that  it  would  have  been  a  decided  improvement 
bad  larger  engines  been  selected,  conforming  more  nearly  to  the 
rating  of  the  generators.  Due  to  the  use  of  superheated  steam, 
high  fractional  load  economy  woidd  have  been  insured,  the  overload 
capacity  still  further  increased,  and  superior  economy  maintained  at 
loads  considerably  above  rating. 

61  It  is  regrettable  that  the  circulating  pumps  were  omitted  from 
the  official  and  imiform  load  tests.  Had  the  circulating  water  sys- 
tem conformed  to  the  contract  stipulations,  or  had  circulating  water 
conditions  existed  as  in  many  eastern  central  stations,  where  parallel 
suction  and  discharge  conduits  are  run  directly  underneath  the  cir- 
culating water  pump,  the  total  head  on  the  system  would  have  been 
very  small  indeed.  As  stated  above,  the  contract  stipulation  for  loss 
of  head  in  the  piping  was  5  ft.  Had  it  been  possible  to  conduct  the 
official  15-day  test  with  the  circulating  pumps,  operating  under  this 
head,  it  is  safe  to  say  that  the  additional  fuel  consumption  to  operate 
the  circulating  pumps  would  have  been  scarcely  noticeable.  The 
circulating  pump  engines  are  of  compound  non-condensing  type  and 
designed  for  use  with  superheated  steam,  insuring  a  low  steam  con- 
sumption. Inasmuch  as  the  boiler  feed  water  temperature  was  at 
all  times  considerably  under  200  deg.  fahr.,  and  as  practically  no 
exhaust  steam  was  wasted  at  any  period  of  operation,  it  is  safe  to 
state  that  all  the  heat  in  the  exhaust  steam  from  the  circulating  pump 
engines  would  have  been  returned  to  the  system;  compensation  for 
greater  steam  consumption  manifesting  itself  in  a  higher  feed  water 
temperature. 

62  Having  no  bearing  on  the  economy  of  the  unit,  but  as  a  matter 
of  particular  note,  the  writer  would  state  that  following  the  accept- 
ance test  on  the  plant,  the  engine  for  the  No.  1  unit  was  operated  under 
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various  conditions  to  determine  the  possibilities  in  case  of  an  emei^. 
gency.  It  was  shown  that  the  unit  could  be  operated  on  either  one, 
two  or  three  as  well  as  four  cylinders.  The  running  conditions  were 
smooth,  and  the  successful  parallel  operation  of  the  alternators  was 
easily  accomplished  under  all  conditions.  It  was  further  possible 
temporarily  to  overload  the  cylinders  in  use  during  these  special 
trials,  to  such  an  extent  as  to  produce  in  the  neighborhood  of  1800 
kw.  per  cylinder.  The  time  required  to  remove  a  connecting  rod  in 
case  of  an  emergency  was  found  to  be  between  one  and  two  hours. 
It  was  also  found  possible  to  operate  the  entire  engine  on  one  con- 
denser, as  well  as  both  condensers,  causing  but  a  slight  reduction  in 
vacuum,  the  second  condenser  being  available  for  repairs,  etc.  In 
case  of  difficulty  through  sea  weed  in  the  circulating  water  the  engines 
were  often  run  for  a  long  time  non-condensing. 

63  The  writer  believes  that  this  type  and  arrangement  of  prime 
mover  offers  features  of  flexibility  that  merit  very  careful  considera- 
tion, and  enables  the  maintained  operation  of  steam  power  plants, 
imder  both  normal  and  emergency  conditions,  with  a  far  less  percent- 
age of  reserve  capacity  than  is  permissible  with  any  other  type  of 
prime  mover.  The  Redondo  Plant  is  today  operating  without  any 
reserve  capacity  whatsoever,  and  since  the  completion  of  the  work 
it  has  regularly  operated  xmder  all  conditions  of  service  desired  by 
the  management. 

64  As  the  maintained  economy  of  any  type  of  prime  mover  is  of 
great  importance,  the  writer  is  able  to  state  that  the  station  records 
so  far  fail  to  indicate  any  considerable  falling  oflf  in  economy  as 
compared  with  test  conditions.  On  the  other  hand,  it  is  a  matter 
of  record  that  a  complete  plant  economy  has  been  attained,  since 
operation  of  plant  by  pm-chaser,  exceeding  that  herein  reported. 
During  the  dry  season  this  year,  and  by  reason  of  the  large  overload 
capacity  afforded  by  these  engines,  the  management  has  been  com- 
pelled, and  has  been  able  to  operate  this  station  under  continuous  load 
far  in  excess  of  that  for  which  it  was  designed.  The  engines  have 
been  operated  for  long  periods  at  over-loads  of  75  per  cent  above  the 
rated  loads,  and  during  such  periods  only  a  slight  falling  oflf  in  economy 
has  resulted,  which  was  less  than  would  be  expected  on  account  of  the 
special  way  in  which  the  engines  were  rated. 

65  No.  1  and  No.  3  units  are  now  being  equipped  with  an  auto- 
matic system  of  firing  similar  to  that  on  No.  2  and  it  is  expected  that 
the  station  economy  will  be  materially  improved  thereby. 
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COMPABISON   OP   ECONOMY   WITH   COAL   BURNING   PLANTS 

66  For  the  purpose  of  comparing  the  economies  herein  reported 
with  those  obtained  in  modern  coal  burning  stations,  the  writer  has 
given  in  Table  I  the  fuel  consumption  reduced  to  the  corresponding 
B.t.u.  per  kw-hr.;  these  figures  are  possibly  subject  to  slight  error 
however  by  reason  of  oil  corrections  already  explained. 

JCOMPARISON  WITH  TURBINE   PERFORMANCE 

67  To  the  writer's  knowledge,  the  best  turbine  performance  on 
the  Pacific  Coast  based  on  oil  fuel  is  considerably  under  that  found 
for  the  Redondo  Plant. 

68  When  comparing  these  results  with  economies  reported  for 
Eastern  turbine  stations,  the  writer  would  call  attention  to  the  necessity 
of  making  due  allowance  for  the  variation  in  the  initial  temperature 
of  the  circulating  water.  The  average  temperature  obtainable  in 
the  vicinity  of  Los  Angeles  is  from  60  to  70  deg.  fahr.,  as  compared 
with  circulating  water  temperatures  in  the  neighborhood  of  the  freez- 
ing point  obtainable  at  times  in  many  Eastern  stations,  this  lower 
temperature  enabling  the  attainment  of  a  considerably  improved 
vacuum.  Inasmuch  as  the  steam  turbine  gains  largely  in  apparent 
economy  due  to  increase  in  vacuum,  similar  reductions  should  be 
made  in  the  stated  economy  of  such  plants,  and  correspondingly 
in  the  reported  fuel  consumption. 

69  The  writer  would  take  this  opportunity  to  urge  on  the  Society 
the  establishment  of  a  standard  of  performance  for  comparison  of 
fuel  economies  of  complete  plants,  to  be  based  on  the  Rankine  cycle, 
the  upper  limit  being  the  maximum  boiler  temperature  and  pressure, 
the  lower  limit  for  all  plants  operating  condensing,  being  the  initial 
temperature  of  circulating  water,  in  lieu  of  the  temperature  of  engine 
exhaust.  This  would  be  an  extension  of  the  standard  of  performance 
established  by  the  British  Institute  of  Civil  Engineers  for  the  com- 
parison of  steam  engine  performance,  in  which  the  Rankine  cycle  is 
accepted  as  ideal,  the  upper  limit  being  based  on  the  throttle  steam 
temperature  and  pressure,  the  lower  limit  on  the  temperature  corre- 
sponding to  the  engine  exhaust. 

CONCLUSION 

70  The  writer  believes  that  the  performance  herein  indicated  is 
noteworthy,  and  warrants  on  the  part  of  designing  engineers  a 
far  more  careful  and  thorough  investigation  as  to  the  capabilities  of 
steam  engines,  when  used  as  prime  movers,  than  is  manifest  in  the 
practice  of  late  years. 

DiscussioD  on  this  pap<ar  will  be  found  at  end  of  paper  No.  1214. — ^Thb  Editor. 
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UNNECESSARY  LOSSES  IN  FIRING.FUEL  OIL 

AND  AN  AUTOMATIC  SYSTEM  FOR 

THEIR  ELIMINATION 

Bt  C.  R.  Wktmouth,  San  Francisco,  Cal. 
Member  of  the  Society 

Practically  all  oil-fired  boiler  plants  in  stationary  practice  are  sub- 
ject to  band  control  throughout.  It  is  customary  to  maintain  a 
uniform  oil  pressure  at  the  oil  pump  and  in  the  oil  pressure  main,  and 
to  throttle  the  supply  of  oil  by  hand  at  all  of  the  individual  burners. 
It  is  also  customary  to  operate  with  full  boiler  steam  pressure  on  the 
main  suppplying  steam  to  all  the  burners,  and  to  regulate  by  band 
the  supply  of  steam  for  atomizing  purposes,  at  each  of  the  individual 
burners.  Boiler  dampers  also  are  all  subject  to  hand  control  on  the 
individual  boilers. 

2  In  a  central  station  having  say  twenty  500-h.p.  boilers  there 
would  be  about  60  burners.  For  economy  of  labor,  there  would 
probably  be  not  more  than  two  or  three  firemen  to  the  shift,  in  a 
plant  of  this  size.  On  a  commercial  railway  or  lighting  load  subject 
to  the  usual  fluctuations,  such  a  plant  would  probably  be  operated 
with  the  rear  boiler  dampers  clamped  in  fixed  positions,  wide  open 
or  nearly  so.  The  supply  of  steam  to  the  burners  would  receive  little 
attention,  but  the  supply  of  oil  to  the  burners  would  be  regulated 
for  variations  in  load  by  throttling  to  the  extent  necessary  for  main- 
taining the  desired  steam  pressure.  In  such  a  plant  there  would  be 
a  more  or  less  uneven  rate  of  firing  at  the  various  boilers,  and  an 
excess  of  air  for  combustion  at  all  loads,  particularly  at  the  lighter 
ones  corresponding  to  a  nearly  uniform  rate  of  flow  of  air  through 
the  furnace.  The  operators  are  likely  to  become  careless,  not  no- 
ticing the  drop  in  steam  pressure  with  a  sudden  increase  in  load  imtil 
this  has  become  considerable,  necessitating  a  severe  momentary  rate 
of  firing  in  a  number  of  boilers  to  bring  the  steam  pressure  back  to 

PreseDted  at  the  New  York  Meeting  (December  1908)  of  The  American  Society 
of  Mechanical  Engineers. 
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the  normal.    This  severe  duty  increases  the  expense  for  repairs  to  the 
boiler  settings,  rate  of  burning  out  of  tubes,  etc. 

3  In  certain  plants  where  engineers  are  enlightened  as  to  the  prin* 
ciples  of  combustion,  the  attempt  is  frequently  made  to  operate  on 
a  reduced  air  supply,  with  the  result,  if  the  dampers  are  set  for  mean 
or  nominal  load,  that  the  chimneys  smoke  excessively  on  overloads 
before  the  limited  number  of  firemen  can  reach  all  the  dampers  to 
open  them. 

4  As  the  lamentable  result  of  these  conditions,  the  average  boiler 
plant  efficiency  with  crude  oil,  even  with  the  best  types  of  boilers, 
averages  much  nearer  70  than  80  per  cent,  which  is  possible  in  large 
plants  under  proper  methods  of  control. 

5  Probably  it  will  always  be  impossible  to  instil  into  the  mind 
of  an  ordinary  fireman  such  knowledge  of  the  principles  of  combus- 
tion and  the  losses  due  to  excess  air  supply,  as  to  obtai^  economical 
results  in  large  stations  where  it  is  necessary  to  depend  on  hand  firing. 
Improved  conditions  can  be  secured  by  the  employment  of  a  boiler 
room  engineer  whose  duty  it  is  to  scrutinize  all  fires  from  time  to  time 
and  to  coach  the  firemen  in  their  duties;  but  the  only  ideal  method 
seems  to  be  an  automatic  system  of  control,  such  as  will  be  here 
described,  where  the  various  adjustments,  having  once  been  made 
for  economical  conditions,  are  automatically  repeated  for  the  various 
conditions  of  load,  maintaining  a  high  average  economy  from  month 
to  month.  With  well-designed  oil  furnaces  and  careful  adjustment 
under  uniform  load  conditions,  carefully  conducted  tests  have  shown 
that  it  is  possible  to  obtain  high  percentages  of  COj,  indicating  as  low 
as  10  per  cent  excess  air  over  the  requirements  for  perfect  combustion, 
with  no  imconsumed  elements  in  the  flue  gases. 

6  Numerous  data  relating  to  coal  fuel  are  available,  showing  the 
importance  of  reduced  air  supply  as  tending  to  high  furnace  efficiency; 
also  the  relation  of  excess  air  supply  to  any  observed  percentage  of 
CO,  and  other  factors  of  gas  analysis.  As  few  data  for  oil  fuel  are 
available,  the  following  will  be  presented. 

7  All  Pacific  Coast  crude  oils  contain  a  certain  amount  of  mois- 
ture, sulphur,  nitrogen  and  oxygen;  the  main  constituents  being 
carbon  and  hydrogen.  The  characteristic  difference  in  oils  of  differ- 
ent gravities  lies  in  the  relative  quantities  of  carbon  and  hydrogen 
contained,  there  being  more  carbon  and  less  hydrogen  in  the  heavier 
oils,  less  carbon  and  more  hydrogen  in  the  lighter.  In  the  better 
grades  of  oils  treated  at  the  wells  before  shipment,  in  which  moisture 
has  been  largely  eliminated,  it  can  be  roughly  assumed  that  3  per 
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cent  of  the  oil  is  made  up  of  sulphur,  nitrogen,  oxygen  and  water. 
This  relationship  is  not  universal,  certain  Southern  California  oils 
containing  a  large  percentage  of  sulphur. 

8  The  predominating  oil  used  on  the  Pacific  Coast,  known  as 
Bakersfield  oil,  averages  about  16  deg.  Baume;  which  is  equivalent 
to  336  lb.  of  oil  per  42-gal.  bbl.  The  ultimate  analysis  of  this  oil  is 
about  as  follows: 

Carbon,  85  per  cent.  Nitrogen,  0.2  per  cent. 

Hydrogen,  12  per  cent.  Oxygen,  1  per  cent. 

Sulphur,  0.8  per  cent.  Water,  1  per  cent. 

A  number  of  lighter  oils  in  general  use,  ranging  in  the  neighborhood 
of  18  to  20  deg.  Baume,  would  average  about  as  follows: 

Carbon,  84  per  cent.  Nitrogen,  0.2  per  cent. 

Hydrogen,  13  per  cent.  Oxygen,  1  per  cent. 

Sulphur,  0.8  per  cent.  Water,  1  per  cent. 

Certain  heavier  oils  ranging  from  12  to  14  deg.  Baume  average  about 
as  follows- 

Carbon,  86  per  cent.  Nitrogen,  0.2  per  cent. 

Hydrogen,  11  percent.  Oxygen,  1  per  cent. 

Sulphur,  0.8  per  cent.  Water,  1  per  cent. 

• 

9  As  a  result  of  tests  by  Edmond  O'Neill,  Professor  of  Chemistry  of 
the  University  of  California,  the  calorific  value  of  Bakersfield  oil  may 
be  taken  as  about  18  600  B.t.u  per  lb.,  allowing  for  the  presence  of 
about  1  per  cent  moisture  as  indicated  above.  When  corrected  for 
moisture  the  net  heat  units  per  pound  of  oil  are  proportionally  higher, 
although  there  is  a  slight  loss  in  furnace  eflSciency  due  to  the  presence 
of  moisture,  inasmuch  as  all  such  water  is  evaporated  into  steam  and 
superheated  to  the  temperature  of  the  escaping  gases,  involving  an 
amount  of  heat  both  sensible  and  latent. 

10  On  the  basis  of  the  above  analyses,  the  chemical  requirements  of 
air  for  complete  combustion  per  pound  of  oil  are  as  shown  in  Table  1. 

11  In  the  various  text  books,  the  values  given  range  from  16  to 
18  lb.  of  air  per  lb.  of  oil,  but  an  average  of  14  lb.  of  air  per  lb.  of  oil 
is  more  nearly  correct. 

12  The  ordinary  method  of  indicating  and  measuring  steam  to 
atomize  oil  has  been  to  express  the  quantity  as  a  percentage  of  the 
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actual  amount  of  water  evaporated  in  the  boiler.  This  percentage 
ranges  from  about  2  to  5  and  over,  depending  on  the  system  of  oil 
burning,  type  of  burner,  etc  While  such  a  percentage  rating  is  no 
doubt  convenient,  it  is  inaccurate,  in  that  the  steam  consumption  of 
oil  burners  is  proportional  to  the  oil  burned Jand  not  to  the  water 
evaporated.  Various  tests  have  shown  that  the  steam  consumption 
of  oil  burners  ranges  from  0.14  to  over  0.5  lb.  of  steam  per  lb.  of  oiL 
The  average  value  of  good  performance  is  about  0.3  lb.  of  steam  per  lb. 
of  oil,  although  with  hand  regulation  on  variable  load  this  quantity 
should  be  slightly  increased,  and  is  somewhat  dependent  on  the  grav- 
ity of  the  oil,  temperature  at  the  burners,  etc.  In  stationary  prac- 
tice, the  use  of  air  for  atomizing  purposes  has  been  practically  aban 
doned. 


TABLE  1 


WEIGHT  OF  AIR  REQUIRED  FOR  COMBUSTION  OF  OIL  OF  DIFFERENT 
GRADES 


Grade  of  oil  j  Light 

Per  cent  of  C i  84.00 

Per  cent  of  H i  13.00 

Per  cent  of  8 0.80 

Peroentof  N |  0.20 

Per  cent  of  O 1 .  00 

Per  cent  of  H,0 1 .00 

Air  chemically  required  per  pound  of  oil .  calculated — ^pounds ...  1 4 .  25 
Corresponding  marimuTn  CO,  by  volume,  in  dry  gaaes  of  com' 

bustion — per  cent I  15.10 

I 


Medium 


Heavy 


85.00 
12.00 
0.80 
0.20 
1.00 
1.00 
14.02 

15.52 


86.00 
11.00 
0.80 
0.20 
1.00 
1.00 
13.79 

15.80 


13  As  no  direct  experiments  have  been  made  showing  the  loss  in 
boiler  efficiency  due  to  various  percentages  of  excess  air  supply,  the 
writer  will  present  some  simple  calculations  showing  the  amount  of 
this  loss. 

14  It  is  well  known  that  the  loss  due  to  an  excess  of  air  supply[i8 
not  only  on  accoimt  erf  the  direct  loss  in  heating  the  added  air  to  the 
temperature  of  the  flue  gases,  but  there  is  a  secondary  loss  due  to 
the  fact  that  corresponding  to  an  excess  of  air,  there  results  a  higher 
flue  temperature  not  only  for  the  actual  amount  of  air  necessary  for 
combustion,  but  for  all  such  excess  air.  Calculations  as  to  boiler 
performance  are  simplified  with  oil  fuel,  as  practically  complete  com- 
bustion is  secured,  in  a  well  designed  furnace,  the  carbon  and  carbon 
monoxid  usually  being  burned  to  COj.  The  stack  losses  include  the 
sensible  heat  contained  in  the  dry  gases  of  combustion,  the  sensible 
and  latent  heat  in  the  steam  from  the  combustion  of  hydrogen  and 
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oxygen  and  in  the  steam  introduced  through  the  burner,  and  the 
moisture  present  in  air  for  combustion. 

15  Assuming  complete  combustion,  and  emplo3ring  a  boiler  radia- 
tion loss  of  3  per  cent,  the  writer  has  calculated  the  boiler  efficiency, 
at  rating,  for  various  percentages  of  excess  air  supply,  as  given  in 
Table  2. 


TABLE  2    BOILER  EFFICIENCY  FOR  EXCESS  AIR  SUPPLY 
50 


EzoeM  air  supply,  per  cent 


10 


76 


I 


100 


150 


200 


Assumed  temperature  of  escap- 
ing gases,  deg.  fahr 

Correqx>Q<iing  ideal  efficiency 
of  boiler,  per  cent 

Possible  saving  in  fuel  due  to 
reduction  of  air  st^>ply  to  10 
per  cent  excess,  expressed  as 
per  cent  of  oil  actually  burned 
under  assumed  conditions . . . 


400 
84.2 


450  475 


80.27         77. 


400 


76.22 


4.07  7.78     ;     10.68 


Over 
600 

Under 
70.04 


Over 
16.76 


Over 

600 

Under 

67.00 


Over 
20.82 


The  3  per  cent  used  for  boiler  radiation  is  subject  to  some  variation, 
being  greater  in  small  boilers  and  less  in  large  units.  For  medium 
units,  3  per  cent  is  probably  very  close. 

16  The  stack  temperatures  for  any  particular  type  of  boiler,  for 
any  given  load  and  corresponding  to  any  assumed  per  cent  of  excess 
air,  will  vary  with  the  size  of  boiler,  arrangement  of  heating  surface, 
character  of  baflaing,  condition  of  heating  surface,  etc.  Stack  temper- 
atures will  also  vary  with  the  diflferent  types  of  boilers  corresponding 
to  these  factors.  The  temperatures  given  corresponding  to  the  stated 
air  supply,  from  10  to  100  per  cent  excess,  are  those  to  be  expected 
in  ordinary  practice  and  necessarily  approximate:  with  boilers  having 
three  passes  of  gases  and  sinuous  headers,  the  temperatures  in  general 
will  be  lower  than  those  indicated;  with  boilers  having  but  one  pass 
and  flow  of  gases  parallel  to  tubes,  the  temperatures  in  general  will . 
be  higher  than  those  indicated. 

17  Very  few  data  are  available  for  the  temperatures  correspond- 
ing to  150  and  200  per  cent  excess  air,  and  the  corresponding  figures 
are  given  merely  to  show  in  a  general  way  the  magnitude  of  the  losses 
easily  resulting  from  careless  firing  of  crude  oil.  The  fine  temper- 
atures assumed  are  also  subject  to  variation  dependent  on  the  rate 
of  forcing  the  boiler  and  other  well  known  elementary  factors.  The 
excess  air  with  careless  oil  burning  is  usually  greater  than  with  care- 
less coal  firing,  because  of  the  greater  excess  draft  power  of  chimneys. 
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In  the  preceding  table  the  writer  has  calculated  the  saving  that  could 
be  effected  by  reducing  the  air  supply  from  that  specified  to  an  ideal 
condition  assumed  to  correspond  to  10  per  cent  excess  air.  This 
saving  in  fuel  is  of  vast  importance,  but  has  been  almost  completely 
neglected  with  oil  fuel. 

18  It  is  possible  to  obtain  a  fair  notion  of  the  percentage  of  excess 
air  from  a  mere  determination  of  the  amoimt  of  COj, — ^that  is,  assum- 
ing all  hydrogen  having  been  burned  to  HjO  and  all  carbon  to  CO,. 
Any  simple  formula  involving  the  element  CO,  must  be  dependent 
on  an  assumed  percentage  of  hydrogen  in  the  oil  fuel,  but  inasmuch 
as  the  hydrogen  contained  is  fairly  imiform  for  any  given  grade  of 
oH,  there  is  but  little  error  in  such  an  assumption. 

TABLE  3    POUNDS  OF   AIR  PER  POUND  OF  OIL  AND   RATIO  OF  AIR  SUPPLIED 
TO  THAT  CHEMICALLY  REQUIRED 


Percent 

OOabyrol- 

ome  u 

LlOBT   OIL 

Mbdium  oil 

Heayt  oil 

C.  84  per  cent 

;H.13;S.0.8: 

C.  85  per  cent; 

H.12;S.0.8; 

C.  86  per  cent;  H,  11;  S.  0.8; 

N.  0.2;  O, 

1;  H,0.  1 

N,0.2;O, 

1;  H,0, 1 

N.  0.2;  0. 1;  H,0. 1 

•hown    by 

analysis 

^tio  air  sup- 

Ratio air  sup- 

ilatio air  sup- 

dry   chirn- 

Pounds  of  air 

ply  to  chem- 

Pounds of  air 

ply  to  chem- 

Pounds of  air!  ply  to  chem- 

ney  gases 

per  pound  oil 

ical  require- 
ments 

per  pound  oil 

ical  require- 
ments 

per  poimd  oil 

ical  require- 
ments 

51.40 

3.607 

51.93 

3.704 

52.45 

3.803 

41.31 

2.899 

41.71 

2.975 

42.12 

3.054 

34.58 

2.427 

34.90 

2.490 

35.23 

2.554 

29.77 

2.089 

30.04 

2.143 

30.31       i        2.198 

g 

26.17 

1.836 

26.39 

1.883 

26.62 

1.930 

9 

23.37 

1.640 

23.56 

1.680 

23.75 

1.722 

10 

21.12 

1.482 

21.29 

1.518 

21.45 

1.555 

11 

19.83 

1.391 

19.43 

1.386 

19.58 

1.419 

12 

17.76 

1.246 

17.88 

1.276 

18.01 

1.306 

13 

16.46 

1.155 

16.57 

1.182 

16.69 

1.210 

14 

15.36 

1.078 

15.45 

1.102 

15.55 

1.127 

16 

14.39 

l.OIO 

14.48 

1.033 

14.57 

1.056 

19  Table  3  shows  the  calculated  weight  of  air  per  poimd  of  oil 
and  the  ratio  of  actual  air  supply  to  chemical  requirements,  for  the 
various  grades  of  oil  and  various  percentages  of  GO,.  Under  the 
present  systems  of  firing  the  amoimt  of  CO,  present  in  the  flue  gases 
is  often  as  low  as  4  or  5  per  cent.  With  an  ample  supply  of  labor  and 
a  careful  and  scientific  adjustment  of  dampers  by  hand,  the  per- 
centage of  CO,  imder  an  ideal  and  uniform  load  can  be  maintained  as 
high  as  13  per  cent.  With  automatic  control  and  under  variable 
load  conditions  it  has  been  found  possible  to  maintain  a  high  percent- 
age of  COj  conforming  very  closely  to  ideal  conditions. 
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20  The  first  notable  step  in  advance  of  the  crude  systems  of  hand 
firing  was  at  the  plant  of  the  Pacific  Electric  Railway  Company,  Los 
Angeles,  Cal.,  under  the  direction  of  J.  R.  Atchison,  then  Chief 
Engineer  for  that  company,  now  Superintendent  of  Construction  for 
Chas.  C.  Moore  and  Company,  Engineers.  Mr.  Atchison  developed  a 
plan  for  firing  18  boilers,  averaging  3  burners  per  boiler,  totaling  about 
54  burners,  with  central  hand  control  of  oil  pressure. 

21  The  operator  was  stationed  near  the  oil  pumps,  which  were 
nm  at  a  practically  constant  speed.  In  front  of  the  operator  were 
the  oil  pressure  gage  connecting  to  oil  main  and  the  steam  pressure 
gage  connecting  to  steam  main«  The  operator's  duty  was  to  main- 
tain a  uniform  steam  pressure  on  the  boilers  by  opening  or  closing 
a  bleeder  valve  on  the  oil  pump  discharge  line,  thus  increasing  or 
decreasing  the  pressure  in  the  oil  main,  and  simultaneously  the  rate 
of  firing  of  all  of  the  boilers.  The  operating  crew  of  the  boiler  room 
for  each  shift  consisted  of  the  one  operator  controlling  the  oil  pressiu^ 
and  one  water  tender;  which  is  probably  the  record  to  date  for  the 
minimum  of  boiler  room  labor  for  any  plant  of  this  size.  It  was  a 
simple  matter  to  substitute  automatic  regulation  for  hand  control, 
following  which  the  writer  conceived  the  idea  of  utilizing  this  varia- 
tion in  oil  pressure  as  a  secondary  means  for  controlling  the  supply 
of  steam  to  burners  and  the  air  supply  for  combustion. 

22  The  writer  will  now  explain  the  principle  of  operation,  details 
of  construction  and  results  in  actual  trial  of  the  Moore-Patent  auto- 
matic fuel  oil  regulating  system.  This  system  controls  the  supply 
of  oil  to  all  burners,  the  supply  of  the  atomizing  agent  to  all  burners, 
and  the  supply  of  air  for  combustion,  for  any  number  of  boilers,  all 
from  a  central  point.  The  results  are :  increased  boiler  plant  efficiency, 
the  practical  prevention  of  smoke,  and  decrease  in  the  maintenance 
cost  of  boiler  equipment,  due  to  a  more  uniform  manner  of  firing. 

23  In  this  system  all  individual  burner  valves,  both  steam  and 
oil,  are  opened  wide  or  nearly  so,  and  all  burners  are  operated  under 
full  pressure  in  the  respective  mains.  In  the  larger  plants  all  dam- 
pers are  connected  to  a  common  rock  shaft  and  move  simultaneously. 

24  A  slight  variation  in  the  steam  pressure  on  the  boilers,  due  to 
any  variation  in  the  demand  for  steam,  is  the  primary  means  of  con- 
trol for  a  steam  regulator  or  governor  which  varies  the  oil  pressure 
at  the  oil  pumps  and  in  the  oil  main.  Corresponding  to  an  increased 
pressure  in  the  oil  main,  there  is  an  increase  in  the  amoimt  of  oil  fired 
and  a  rise  in  boiler  steam  pressure;  and  corresponding  to  a  decrease 
of  pressure  in  the  oil  main,  there  is  a  decrease  in  the  rate  of  oil  fired 
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and  a  lowering  of  the  boiler  steam  pressure;  this  regulator  thus  main- 
tains a  uniform  steam  pressure  on  boilers  at  all  loads  within  the  gov- 
erning limits.  The  variation  in  pressure  in  the  oil  main  is  the  second- 
ary means  for  controlling  the  supply  of  steam  for  atomizing  purposes 
and  also  for  controlling  the  supply  of  air  for  combustion. 

25  The  supply  of  steam  to  burners  is  controlled  by  r^ulating 
the  pressure  in  a  separate  low-pressure  main  common  to  all  burners, 
the  pressure  in  this  main  bearing  a  certain  predetermined  relation- 
ship to  the  pressure  in  the  oil  main  and  being  controlled  by  a  ratio 
regulator.  By  means  of  a  specially  constructed  diaphragm  regulator, 
the  opening  of  the  boiler  dampers  is  made  to  increase  or  decrease 
with  a  corresponding  variation  of  pressure  in  the  oil  main,  the  change 
in  damper  opening,  in  turn,  governing  the  supply  of  air  for  combus- 
tion. 

MAINTENANCE  OF  A  UNIFORM  STEAM  PRESSURE  BY  REGULATING  THE 

OIL  PRESSURE 

26  Any  reliable  pump  governor  can  be  used  to  control  the  oil 
pressure  in  the  oil  main  so  as  to  maintain  a  uniform  steam  pressure. 
This  governor  can  be  used  to  operate  either  a  throttle  in  the  steam 
supply  to  the  steam-operated  oil  pump,  or  a  bleeder  valve  in  the  oil 
pump  discharge  pipe.  The  writer's  experience  has  been  most  satis- 
factory in  the  use  of  the  well  known  Spencer  damper  regulator,  the 
movement  of  the  power  lever  being  used  to  control  the  bleeder  valve 
in  the  oil  pipe  discharge,  in  lieu  of  connecting  it  to  the  damper,  as 
is  done  in  damper  regulation  service  for  coal  burning  plants. 

27  Difficulty  will  be  experienced  in  any  endeavor  to  maintain 
a  uniform  steam  pressure  by  regulating  the  oil  pressure  if  it  is  at- 
tempted to  effect  this  by  controlling  the  supply  of  steam  to  the 
throttle  of  the  oil  pump.  This  is  because  of  the  surging  of  the  oil 
pressure  due  to  the  alternate  speeding  up  and  slowing  down  of  the 
pump;  a  difficulty  that  can  be  overcome  in  a  measure  by  very  careful 
adjustment,  though  the  writer  does  not  deem  the  attempt  worth 
while.  In  such  an  attempt  difficulties  will  also  be  encountered,  due 
to  the  storage  of  heat  in  the  boiler  and  boiler  setting,  and  the  time 
interval,  corresponding  to  a  change  in  the  rate  of  firing  the  boiler, 
necessary  to  restore  the  steam  pressiu^  to  the  normal  The  same 
difficulty  will  exist  in  a  measure  with  regulation  of  the  oil  pressure 
by  a  bleeder  valve  on  the  oil  discharge,  provided  it  is  attempted  to 
connect  the  regulator  so  as  to  control  the  boiler  plant  automatically 
through  the  entire  range  of  load. 
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28  By  reason  of  the  influence  on  the  economy  of  plant  of  the 
rate  of  variation  in  oil  pressure,  and  consequently  in  the  intensity 
of  fires,  it  is  important  that  the  ideal  conditions  be  approached  as 
nearly  as  may  be;  and  to  this  end  it  has  been  foimd  more  economical 
to  maintain,  as  nearly  as  possible,  a  uniform  rate  of  firing  with  grad- 
ual changes  in  rate  of  firing  due  to  changes  in  load  on  the  boiler  plant. 
When  this  system  was  first  tried  out  at  the  Redondo  Plant  of  the 
Pacific  Light  and  Power  Company,  where  the  tests  forming  the  basis 
of  another  paper  presented  by  the  writer  at  this  meeting  were 
made,  the  steam  pressure  regulator  was  used  to  control  the  entire 
plant  of  eighteen  600-h.p.  boilers,  although  the  steam-to-bumer 
regulator  and  damper  controller  were  connected  only  to  the  six  boilers 
included  in  the  No.  2  plant  unit. 

29  Before  the  installation  of  the  automatic  steam  pressure  regu- 
lator, central  hand  regulation  was  employed.  Fig.  1  shows  the 
record  from  a  Bristol  recording  gage  connected  to  the  oil  pressure 
main,  and  the  corresponding  record  of  the  steam  pressiu^,  with  hand 
regulation. 

30  In  adjusting  the  regulator  for  maintaining  a  constant  steam 
pressure  it  was  at  first  attempted  to  control  the  oil  pressiu^  for  the 
entire  range  of  load,  and  results  somewhat  similar  to  those  indicated 
above  for  hand  regulation  were  seciu^.  It  was  finally  found  de- 
sirable to  limit  the  regulation  to  such  amoimt  of  opening  or  closing 
of  the  bleeder  valve  as  would  vary  the  oil  pressure  through  a  range 
of  from  one-fourth  to  one-third  of  the  total  variation  required.  When 
so  operated  the  supply  of  steam  to  the  oil  pressiu^  pump  was  direct 
from  the  auxiliary  steam  main  and  the  throttle  was  hand-adjusted 
from  time  to  time,  whenever  the  range  in  load  exceeded  the  limits  of 
the  steam  regulator.  Thus  connected,  the  steam  governor  became  an 
aid  to  the  fireman,  though  not  completely  automatic  in  its  action. 
When  approaching  either  the  upper  or  lower  limit  of  the  regulator, 
the  condition  is  easily  apparent  from  the  position  of  the  regulator 
yard  arm,  and  the  fireman  in  charge  then  slightly  increases  or  de- 
creases the  rate  of  oil  pumping,  dependent  on  plant  requirements. 
No  additional  labor  is  necessary  on  accoimt  of  such  connection,  and 
except  when  passing  over  peak  loads,  it  is  unnecessary  to  adjust  the 
oil  pump  throttle  more  frequently  than  every  two  or  three  hours. 
The  corresponding  oil  and  steam  pressure  records  from  such  regula- 
tion are  reproduced  in  Fig.  2,  in  which  the  curves  are  smoother  than 
with  hand  adjustment  for  the  oil  pressure  as  well  as  the  boiler  steam 
pressure.    These  curves  were  obtained  in  a  violently  fluctuatng 
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HAND  CONTROL 

KiG.  I  Record  Showing  Pressures  in  Main  Steam  Pipe  and  0ii/-pre8- 
8URE  Main,  Corresponding  to  Hand  Regulation  op  Oil  Pressure 
Inner  Curve  Oil  Pressure,  Outer  Curve  Steam   Pressure. 


I  A.  laXaa, 


AUTOMATIC  control 

P'iG.  2  Record  Showno  Pressures  in  Main  Steam  Pipe  and  Oil-Pres- 
sure Main,  Correspondinq^)|]to  Autobiatic  Control.  Inner  Curvs 
Oil  Pressure,  Outer  Curve  Steam 'Pressure 


Digitized  by  VjOOQIC 


UNNECESSARY  LOSSES  IN  FIRING  FUEL  OIL  807 

railway  load,  where  the  momentary  swing  in  load  would  vary  at 
times  from  20  to  100  per  cent  of  the  unit  capacity. 

31  The  increased  economy  due  to  such  uniform  rate  of  firing 
is  self-evident,  as  well  as  the  saving  in  the  attention  required  for  the 
adjustment  of  the  steam  supply  to  burners  and  of  the  air  supply  for 
combustion.  In  actual  experience  this  system  of  regulation  has  been 
found  absolutely  reliable  and  the  firemen  have  been  found  not  only 
very  much  interested  in  it,  but*  exceedingly  anxious  for  its  installa- 
tion, owing  to  the  saving  in  labor  and  the  superior  steam  and  oil 
regulation  produced. 

STBAM-TO-BURNER  REGULATOR 

32  Before  the  development  of  this  regulator,  tests  were  made  to 
determine  the  relationship  between  the  amoimt  of  steam  required 
for  atomizing  oil  and  the  amount  of  oil  burned.  Pressure  gages 
were  connected  on  the  branch  pipes  for  both  oil  and  steam,  between 
the  respective  throttle  valves  and  the  burner  head.  The  burner 
was  fired  at  various  measured  rates  and  record  made  of  the  steam 
and  oil  pressures.  It  was  foimd  that  for  a  variety  of  burners  this 
relationship  could  be  represented  by  a  straight  line,  the  required 
steam  pressure  being  equivalent  to  the  product  of  the  oil  pressiu^ 
by  a  constant,  plus  a  fixed  pressiu^  difference.  With  the  outside 
mixing  burner  used  at  Redondo,  this  relationship  was  about  as  fol- 
lows: Steam  pressure  —  3  X  oil  pressure  +  20.  The  constants  for 
ratio  and  difference  will  vary  with  the  type  of  burner  and  the  rela- 
tive sizes  of  burner  orifices  for  steam  and  oil,  as  well  as  with  the 
viscosity  and  temperature  of  the  oil. 

33  With  this  fact  established,  it  became  a  simple  matter  to  design 
a  regulator,  of  which  the  essentials  were  opposing  steam  and  oil 
diaphragms  with  areas  and  leverages  conforming  to  the  observed  ratio, 
and  a  weight  element  equivalent  to  the  required  difference  in  pres- 
sures. Accordingly  a  simple  regulator  was  designed,  the  final  devel- 
opment of  which  is  as  shown  in  Fig.  3.  In  this  regulator  the  upward 
pressure  is  exerted  on  two  diaphragms,  the  one  at  the  left  subject  , 
to  the  oil  pressure  in  the  oil  main,  the  one  at  the  right  to  the  steam 
pressure  in  the  low  pressure  steam  main  connected  to  the  burners. 

34  The  fulcrum  is  adjustable  for  any  desired  ratio  of  leverages. 
The  yard  arm  is  counterbalanced  at  the  left,  and  weighted  at  the  right 
for  the  desired  weight  constant  due  to  the  pressure  difference  factor. 
Whenever  equilibrium  is  disturbed  by  variation  in  oil  pressure,  the 
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main  yard  arm  will  be  compelled  to  move  either  up  or  down.  This 
motion  is  communicated  to  a  water  cylinder  or  motor,  such  as  is  used 
on  the  well  known  Spencer  damper  regulator.  The  movement  of 
the  water  cylinder  in  turn  operates  a  suitable  lever  and  connecting 
rod  and  finally  a  rotary  chronometer  valve,  which  increases  or  de- 
creases the  supply  of' steam  to  the  low  pressure  steam  main  in  such 
a  manner  as  to  restore  equilibrium,  thereby  providing  the  desired 
increase  or  decrease  corresponding  to  the  initial  change  in  oil  pres- 
sure. The  pressure  gages  shown  indicate  at  a  glance  the  pressure 
on  the  oil  main,  the  pressiu^  on  steam-to-burner  main  and  the 
water  supply  pressure  actuating  the  water  cylinder.  The  following 
is  a  list  of  the  lettered  parts  in  Fig.  3: 

A  Diaphragm  actuated  by  pressure  in  oil-to-bumer  main 

B  Diaphragm  actuated  by  pressure  in  steam-to-burner  main 

C  Water  motor 

D  Water  strainer 

£  Dash-pot 

F  Conical  seated  chronometer  valve 

G  Sliding  counter  balance 

H  Adjustable  weights 

J    Fulcrum  adjustment 

O  By-pass  valve  aroimd  water  strainer 

P  Water  pressure  inlet 

R  High  pressure  steam  from  boilers 

8   Low  pressure  steam  to  ateam-to-bumer  main 

V  Guide  for  lever  with  stop  screws 

35  The  writer  would  refer  those  not  familiar  with  the  operation 
of  the  Spencer  water  cylinder  to  a  descriptive  catalogue  of  the  Spen- 
cer damper  controller.  This  regulator  has  been  entirely  successful 
in  actual  experience,  and  is  completely  automatic  in  action;  although 
on  swinging  loads  a  further  saving  in  steam  supply  to  burners  can 
be  effected  by  a  slight  adjustment  of  the  amount  of  weight  on  the 
yard  arm.  This  adjustment  will  cause  a  slight  constant  increase 
or  decrease  in  the  steam-to-bumer  pressure  main,  as  observation  of 
fires  dictates. 

36  When  boiler  fires  are  started,  it  is  usually  a  fact  that  the  oil 
in  the  main  is  a  little  colder  than  imder  normal  conditions,  corre- 
sponding to  which  a  greater  oil  pressure  is  required;  this  increased 
oil  pressure  in  turn  provides  the  necessary  increased  steam  pressure 
and  supply  of  steam  for  the  atomization  of  the  colder  oil.  There  is 
a  further  furnace  effect,  as  not  only  is  an  increased  amount  of  air 
for  combustion  required  when  furnaces  are  cold,  but  also  a  greater  ' 
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amount  of  steam  for  atomization.  Correspondingly,  after  boilers 
have  been  fired  for  a  number  of  hours,  or  on  cutting  down  the  load 
after  having  passed  over  a  peak,  the  furnace  walls  will  be  found 
somewhat  hotter  than  the  normal,  corresponding  to  which  a  slight 
reduction  in  the  amoimt  of  steam  for  atomization  is  permissible, 
as  well  as  in  the  air  supply  for  combustion.  A  slight  adjustment 
of  the  weights  at  such  critical  periods  of  the  load  will  give  a  slightly 
increased  economy. 

37  If  the  grade  of  oil  varies  from  day  to  day,  and  if  the  tempera- 
ture of  oil  in  the  oil  main  is  not  maintained  uniform,  this  condition 
can  also  be  corrected  by  weight  adjustment.  It  is  essential  that  the 
oil  main  be  of  a  size  that  will  make  the  pressure  substantially 
uniform  throughout  the  entire  plant,  otherwise  there  will  be  a  varia- 
tion in  the  amount  of  oil  fired  by  the  individual  burners.  It  is  also 
essential  that  the  low  pressure  steam  main  be  of  such  size  that  the 
steam  pressure  will  likewise  be  uniform  throughout  the  plant. 

38  In  addition  to  the  economy  effected  by  this  system  due  to 
a  saving  in  steam-to-burners,  there  is  a  secondary  economy  in  the 
more  eflScient  combustion  of  oil  due  to  proper  atomization  at  all 
times. 

DAMPER  CONTROLLER 

39  In  the  development  of  the  damper  controller,  tests  were  made 
to  determine  the  relationship  between  variations  in  the  amount  of 
damper  opening  and  variations  in  the  pressure  of  oil  on  the  burner 
orifice.  It  was  foimd  that  this  relationship  could  be  represented 
approximately  by  a  straight  line,  although  the  total  amount  of  dam- 
per opening  was  not  found  to  be  directly  proportional  to  the  total  oil 
pressure. 

40  In  the  development  of  this  regulator  the  writer  regarded  per- 
fect regulation  as  an  impossibihty,  and  any  degree  of  regulation 
giving  even  approximately  the  proper  amount  of  air  for  variations 
in  loads,  as  an  important  step  in  the  economical  operation  of  oil 
burning  plants.  Accordingly  a  trial  regulator  was  constructed, 
having  a  diaphragm  actuated  by  the  pressure  of  oil  in  the  oil  main, 
the  movement  of  the  diaphragm  being  opposed  by  a  lever  connected 
to  a  coil  spring.  In  this  regulator  the  amoimt  of  movement  of  the 
diaphragm  and  of  the  lever  was  proportional  to  the  oil  pressure  after 
passing  the  point  of  zero  spring  tension.  This  amount  of  motion 
of^the  main  lever  was  multiplied  and  transmitted  to  a  rock  shaft 
operating  the  six  boiler  dampers  in  No.  2  unit,  by  means  of  a  water 
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controlling  valve  and  a  suitable  hydraulic  cylinder  connected  to 
the  rock  shaft. 

41  As  a  result  of  the  experiment  it  was  found  that  by  a  cut  and 
try  process,  with  levers  and  rods  at  various  angles,  a  movement  of 
dampers  could  be  secured  through  the  working  range  of  load,  giving 
an  air  supply  at  all  loads  but  slightly  in  excess  of  theoretical  require- 
ments. 

42  The  final  development  of  this  regulator  for  large  plants  is 
shown  in  Fig.  4.  In  this  regulator  the  large  diaphragm  is  subject 
to  the  upward  pressure  corresponding  to  that  in  the  oil  main.  The 
motion  of  the  lever  is  opposed  by  a  coil  spring  adjustable  in  position 
along  the  lever  so  as  to  obtain  the  required  range  of  motion  of  the 
dampers  corresponding  to  the  given  range  of  oil  pressure.  By  means 
of  a  double-ported  controlling  valve,  connected  to  the  damper  con- 
troller, the  supply  of  water  imder  pressure  is  admitted  either  to  the 
top  or  the  bottom  of  the  hydraidic  cylinder  connected  to  the  rock 
shaft.  The  control  is  on  the  principle  of  the  well  known  differential 
lever,  such  as  is  used  in  a  steering  gear,  and  also  common  to  many 
types  of  damper  regulators. 

43  After  being  once  properly  adjusted  for  its  entire  range  of  motion, 
this  regulator  gives  entire  satisfaction.  It  is  subject  to  variation 
from  certain  external  influences,  such  as  the  temperature  of  the 
boiler  furnace  on  approaching  or  receding  from  peak  loads  or  in  start- 
ing fires,  and  variations  in  the  temperature  and  density  of  oil.  Im- 
mediate adjustment  and  correction  for  these  difficulties  can  be  made 
by  a  slight  turning  of  the  hand  wheel  on  the  coil  spring,  giving  a  con- 
stant change  in  the  amount  of  opening  or  closing  of  all  dampers.  In 
actual  experience,  no  adjustment  of  the  damper  controller  has  been 
necessary  except  at  intervals  of  three  or  four  hours,  depending  on 
the  nature  of  the  load  carried,  the  frequency  of  peaks,  etc. 

GENERAL  ARRANGEMENT  OF  REGULATORS  AND  PIPING 

44  Fig.  5  and  6  show  the  arrangement  of  boiler  plant  and  the 
main  piping  connections  for  the  steam-to-bumer  regulator  and  dam- 
per controller.  The  writer  has  deemed  it  unnecessary  to  illustrate 
the  oil  pump  governor  for  maintaining  a  uniform  steam  pressure  as 
it  involves  nothing  of  novelty  in  its  construction. 

45  In  order  to  prevent  the  corrosive  action  of  the  oil  fuel  on  the 
rubber  diaphragms  it  has  been  found  necessary  to  interpose  a  water 
cylinder  in  the  oil  pressure  hne,  as  shown  in  the  illustration.     A  pipe 
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from  the  oil  pressure  main  is  comiected  to  the  top  of  this  cylinder. 
Water  connection  is  provided  from  the  bottom  of  the  cylinder  to  the 
steam-to-burner  regulator  and  to  the  damper  controller,  thus  pro- 
tecting the  diaphragms  from  oil.  This  water  cylinder  is  connected 
with  the  city  main  for  convenience  in  filling  necessitated  by  leakage, 
etc.  The  chronometer  valve  on  the  steam-to-bumer  regulator  must 
be  carefully  proportioned  for  the  maximum  requirements  of  the  plant, 
and  the  relative  amount  of  opening  due  to  the  regulator  so  ^justed. 
A  pipe  stanchion  should  connect  the  steam  pipe  to  the  floor  to  pre- 
vent change  in  its  position  relative  to  the  chronometer  valve.  The 
chronometer  valve  should  be  by-passed,  so  that  the  supply  of  steam 
to  the  burners  can  be  regulated  by  the  hand  throttle  valve  shown, 
when  it  is  necessary  to  cut  out  the  regulator  and  to  clean  the  pilot 
valve  of  the  Spencer  water  cylinder;  the  frequency  of  this  operation 
is  dependent  on  the  hardness  of  the  water  supplied  under  pressure 
for  operating  the  damper. 

46  The  installation  of  the  damper  controller  is  simple,  but  it  is 
important  to  place  the  controlling  lever  connecting  from  the  rock 
shaft  to  the  diflferential  lever  at  such  an  angle  as  to  give  the  right 
amount  of  damper  opening  under  all  conditions  of  load. 

47  The  piping  to  the  hydraulic  cylinder  should  be  so  valved  that 
when  it  is  necessary  to  cut  the  damper  controller  out  of  service  for 
replacement  of  the  diaphragm,  etc.,  the  movement  of  the  hydraulic 
cylinder  can  be  effected  by  hand  control  of  the  valves  in  the  pipes 
supplying  the  pressure  water  to  the  opposite  ends  of  the  hydraulic 
cylinder.  j 

48  The  rock  shaft  should  be  counterweighted,  so  that  in  case  of 
accident  the  counterweights  will  open  all  dampers.  The  connection 
from  each  individual  damper  to  the  rock  shaft  is  by  means  of  a  chain, 
and  the  dampers  are  also  supplied  with  individual  coimterweights 
and  so  arranged  that  any  one  may  be  adjusted  by  hand  when 
conditions  require  it.  It  is  desirable  to  limit  the  minimum  and  max- 
imum opening  of  the  dampers  by  means  of  suitable  collars  on  the 
plunger  rod  of  the  hydraulic  cylinder.  The  minimum  opening  is 
determined  by  the  extent  to  which  the  dampers  can  be  closed  without 
causing  gas  to  escape  into  the  boiler  room,  or  without  producing 
explosions  of  the  gases  which  collect  in  the  furnaces  and  gas  pas- 
sages, and  the  maximum  is  determined  by  the  plant  requirements. 
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OPERATION  OF  THE  COMPLETE  SYSTEM 

49  It  is  unnecessary  to  disconnect  any  of  the  regulators  during 
the  starting  or  stopping  of  the  plant,  as  these  will  perform  their 
respective  functions  automatically. 

50  In  case  of  accident,  the  steam  pressure  governor  can  be  cut 
out  by  merely  closing  a  valve  between  the  oil  main  and  the  bleeder 
valve;  when  the  oil  pressure  can  be  varied  by  hand  control  of  the 
pump  throttle.  To  cut  out  the  steam-to-burner  regulator,  it  is 
necessary  merely  to  open  the  by-pass  valve  and  close  the  other  two 
valves  (shown  in  Fig.  3).  To  cut  out  the  damper  controller,  it  is 
necessary  only  to  close  a  valve  in  the  supply  pipe  to  the  water  con- 
trolling valve  and  to  open  to  waste  the  valves  connecting  with  the 
water  cylinders,  when  the  coimterweights  will  immediately  throw 
all  the  dampers  wide  open  and  permit  individual  hand  control.  The 
hydraulic  cylinder  can  be  used  to  control  all  the  dampers  as  explained 
above  by  controlling  by  hand  the  supply  of  water  under  pressure 
to  power  cylinder.  Any  regulator  can  be  eliminated  without  inter- 
fering with  iixe  functions  of  the  remaining  regulators,  and  any  boiler 
may  be  cut  out  of  service  without  affecting  the  regulators. 

51  After  the  fires  are  started  as  usual  and  the  boilers  are  fairly 
well  under  load,  it  is  customary  to  equalize  all  the  fires  and  to  make 
a  refined  setting  of  both  steam-to-bumer  regulator  and  damper  con- 
troller. The  respective  dampers  having  once  been  properly  set,  all 
the  fires  may  be  equalized  by  a  slight  closing  or  opening  of  all  the 
oil  burner  valves,  so  gaging  the  supply  of  oil  as  to  produce  the 
desired  excess  of  air,  which  condition  will  be  known  to  exist  when 
the  right  degree  of  smoky  haze  appears  in  the  gases  well  beyond  the 
combustion  zone,  as  viewed  through  peep  holes  provided  for  the 
purpose.  The  next  operation  is  to  equalize  the  supply  of  steam-to- 
burners  by  slightly  opening  or  closing  all  steam  supply  valves  on 
the  burners.  If  a  greater  damper  opening  is  required  for  the  given 
load,  adjustment  of  the  spring  tension  will  give  the  desired  results. 
If  a  change  in  the  total  supply  of  steam-to-burners  is  necessary,  a 
weight  adjustment  at  the  regulator  will  suflSce.  Thereafter  with 
the  same  character  of  fuel  oil,  and  with  care  in  the  maintenance  of 
a  fairly  constant  temperature  of  oil,  no  further  adjustment  of  regu- 
lators or  burners  will  be  necessary  until  a  peak  load  has  been  passed, 
when  a  further  slight  adjustment  should  be  made  for  reasons  ex- 
plained above.  This  individual  adjustment  of  burners  is  necessary 
owing  to  the  fact  that  the  burner  orifices  become  imequally  worn  and 
fouled  by  use. 
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52  While  this  system  results  in  an  appreciable  saving  in  manual 
labor,  it  does  not  dispense  with  any  considerable  number  of  firemen. 
The  firemen  should  observe  the  working  of  fires  continually  to  make 
certain  that  exterior  causes  are  not  preventing  the  regulators  from 
performing  their  respective  functions,  and  it  is  only  by  careful  and 
continual  observation  that  the  firemen  are  enabled  to  maintain  the 
highest  econon^y,  by  correcting  the  external  conditions  which  the 
regulators  are  incapable  of  anticipating,  with  the  refined  adjustments 
mentioned  above. 

53  Contrary  to  the  usual  attitude  of  power  plant  operatives 
toward  automatic  contrivances,  it  is  a  fact  that  all  firemen  who  have 
had  experience  with  these  regulators  so  far  willingly  observe  instruc- 
tions regarding  their  use  and  codperate  to  secure  favorable  results. 
It  is  only  natural  that  firemen  should  regard  this  system  with  favor, 
inasmuch  as  the  manual  labor  of  attending  to  boilers  is  greatly  les- 
sened. The  time  made  available  should  be  spent,  however,  in  giving 
more  attention  to  the  refined  adjustments  important  to  securing  the 
highest  economy. 

54  On  momentary  changes  of  load  of  considerable  magnitude, 
sufficient  to  cause  appreciable  change  in  the  boiler  steam  pressure, 
all  the  regulators  will  act  promptly  and  synchronously.  The  writer 
has  observed  this  apparatus  during  periods  of  short  circuits  on  a 
station,  followed  by  an  interval  during  which  no  power  was  devel- 
oped. All  the  regulators  performed  their  functions  admirably  during 
this  change,  from  maximum  to  minimum  position,  and  during  the 
succeeding  opening  up  of  dampers  and  building  up  of  fires  to  normal 
conditions. 

55  After  a  certain  set  of  conditions  become  established  for  a 
given  load,  including  the  rate  of  flow  of  chimney  gases,  temperature 
of  gases,  the  draft,  etc.,  the  regulator  will  respond  more  readily  than 
the  chinmey  to  momentary  changes.  Owing  to  the  fact  that  the 
damper  controller  is  set  for  the  continuous  operating  conditions  at 
each  load,  it  frequently  happens  that  the  chimney  does  not  respond 
with  sufficient  rapidity,  causing  momentary  smoking.  If  the  load 
remains  unchanged  for  a  short  period  then' normal  conditions  will 
gradually  establish  themselves,  and  smoking  cease,  except  for  a 
slight  haze  required  for  economical  oil  firing. 

56  It  is  not  usual  that  reliability  of  operation  results  from  the 
use  of  automatic  contrivances  and  the  trend  of  engineering  is  adverse 
to  their  use.  In  actual  practice  it  has  been  shown,  however,  that 
these  regulators  are  completely  dependable,  a  case  of  failure  in  actual 
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service  not  having  resulted  since  the  completion  of  this  system  at  the 
Redondo  Plant.  It  will  be  noted  that  the  regulators  are  massive 
in  design  and  simplified  to  the  extreme.  There  are  certain  parts  of 
this  syBtem  which  require  care,  and  when  such  care  is  bestowed  there 
is  little  liability  of  any  interruption  in  service.  This  system  requires 
a  continuous  supply  of  water  under  pressure  which  is  ordinarily 
obtained  from  the  city  mains.  The  writer  recommends  a  reserve 
supply  tank  on  the  power  plant  roof,  and  also  a  connection,  to  be  used 
when  required,  from  the  boiler  feed  main. 

57  Records  in  coal  binning  plants  showing  failure  during  opera- 
tion of  the  better  types  of  ordinary  damper  regulators,  are  certainly 
few.  There  is  possibly  no  single  automatic  apparatus  more  compli- 
plicated  than  a  modem  engine  shaft  governor  with  its  valve  gearing, 
particularly  on  a  large  engine,  but  its  success  is  due  to  its  massive 
design  and  its  power  to  do  work  in  comparison  with  the  opposing 
forces;  and  it  is  universally  accepted  without  question  as  to  its  reli- 
ability. 

58  The  writer  regrets  his  inability  to  present  a  statement  showing 
the  saving  in  fuel  effected  by  this  system,  as  compared  with  hand  oper- 
ation. In  tests  made  at  the  Redondo  Plant,  a  saving  is  apparent,  but 
the  figures  are  too  involved  for  convenient  presentation.  As  compared 
with  other  units  of  this  plant  not  so  regulated,  the  evidence  of  lower 
temperature  of  flue  gases,  and  more  even  regulation,  are  significant. 
The  saving  to  be  expected  from  the  use  of  this  system  would  natur- 
ally be  greatest  in  plants  where  the  load  is  most  widely  variable;  as 
with  such  a  load,  it  is  impossible,  with  hand  adjustment  of  dampers, 
to  work  sufficiently  close  to  the  economical  requirements  of  air 
supply. 

59  In  small  stations,  the  pressure  governor  and  steam-to-bumer 
regulator  would  be  of  a  design  similar  to  that  illustrated.  The 
damper  controller,  however,  would  be  simplified  by  the  omission  of  the 
separate  hydraulic  power  cylinder,  there  being  used  an  apparatus 
similar  to  the  Spencer  damper  regulator,  a  tension  spring  being  sub- 
stituted for  the  weight  on  the  yard  arm,  commonly  used  in  coal 
burning  practice. 

60  The  writer  would  urge  central  regulation  of  oil  pressure  re- 
gardless of  the  size  of  the  plant.  It  would  be  possible  in  large  sta- 
tions to  have  central  control  of  the  steam  supply  to  burners,  and  of 
the  dampers.  It  will  usiially  prove  more  convenient  however,  by 
reason  of  possible  variation  in  the  oil  pressure  in  different  parts  of 
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the  plant,  to  use  separate  steam-to-bumer  regulators  and  separate 
damper  controllers,  on  each  unit  or  panel,  up  to  the  limit  of  about 
4000  or  6000  h.p. 
This  system  is  covered  by  letters  patent. 

OONCLUSIGN 

61  The  necessity  and  importance  of  careful  regulation  of  air  sup- 
ply, in  connection  with  coal  burning  plants,  has  of  late  received  such 
widespread  attention,  as  to  make  self-evident  the  importance  of 
some  S3rstem  of  regulation  in  connection  with  oil  biuning  stations. 
Such  a  system  as  herein  described  is  a  distinct  advance  in  the  science 
of  burning  crude  oil,  and  is  worthy  of  the  careful  investigation  of 
those  interested  in  the  economical  production  of  power  in  plants 
using  crude  oil.  It  is  believed  that  a  modification  of  this  system 
would  yield  readily  to  the  requirements  of  boiler  plants  using 
natural  gas  as  fuel. 

DISCUSSION  ON  THE  TWO  PRECEDING  PAPERS 

Mr.  Gbo.  H.  Barrus  The  author  states  in  the  first  paragraph 
that  this  plant  gave  a  "notable  economy,"  which  means,  I  suppose, 
that  it  gave  a  better  economy  than  other  large  electric  steam  power 
plants.  It  would  add  much  to  the  value  of  the  paper  if  he  would 
present  examples  of  what  has  [been  accomplished  by  other  plants, 
so  that  we  couldj  see  to  what  extent  the  economy  shown  is  really 
notable. 

2  It  would  also  be  interesting,  and  of  great  value,  if  he  would  tell  us 
something  about  the  economy  of  the  individual  elements  of  the  plant, 
i.e.,  what  was  the  efficiency  of  the  boilers  taken  by  themselves;  also 
what  was  the  steam  consumption  of  the  engines  per  i.h.p.  per  hour. 
With  information  of  this  character,  the  members  of  the  Society  would 
be  able  to  form  some  idea  themselves  as  to  whether  the  plant  was 
economical.  Upon  this  subject  there  is  no  intimation  in  the  paper  as 
presented. 

3  It  seems  to  me  highly  improbable,  in  connection  with  a  test  of  such 
a  character  as  the  one  described,  involving,  as  the  mechanical  papers 
have  told  us,  such  a  large  pecuniary  bonus,  an.d  one  which  required  the 
assistance  of  such  a  large  corps  of  testing  men  as  the  number  referred 
to,  that  some  one  did  not  make  an  evaporative  test  of  the  boilers,  and 
steam  consumption  test  of  the  engines,  to  determine  their  individual 
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economy.     Very  likely  the  author  has  such  data,  and  I  will  be  glad  to 
hear  from  him  on  that  point. 

Prof.  Wiluam  Kent  The  papers  are  very  interesting  as  show- 
ing what  can  be  done  with  oil  and  with  reciprocating  engines  on  the 
Pacific  coast.  The  statement  in  Par.  68  of  the  paper  on  Fuel  Econ- 
omy Tests,  that  "Inasmuch  as  the  steam  turbine  gains  largely  in 
apparent  economy  due  to  increase  in  vacuum,  similar  reductions 
should  be  made  in  the  stated  economy  of  such  plants,  and  correspond- 
ingly in  the  reported  fuel  consumption,"  indicates  that  the  author 
considers  the  result  of  the  test  a  proof  that  reciprocating  engines 
are  as  ^od  as  turbine  engines;  and  seems  to  be  equivalent  to  say- 
ing it  is  believed  that  the  steam  turbine  is  good  because  it  can  utilize 
a  high  vacuum,  which  the  reciprocating  engines  could  not  do  eco- 
nomically: and  that  for  this  reason  we  must  deduct  from  the  economy 
of  the  turbine  the  amount  it  gets  from  the  high  vacuum  and  charge 
that  against  it.    I  do  not  think  that  is  fair  to  the  turbine. 

2  These  tests  show  very  good  results  in  kilowatt-hours  per  barrel 
of  oil.  Between  the  barrel  of  oil  and  the  kilowatt-hours  there  are 
many  variable  conditions.  First,  there  is  the  oil-burner.  I  under- 
stand that  they  have  in  San  Francisco  a  new  burner  which  is  more 
eflScient,  especially  in  the  regulation  of  the  air  supply.  It  appears 
that  part  of  this  higher  economy  in  the  San  Francisco  test  is  due, 
not  to  extraordinary  efficiency  in  heating  surface  of  boilers,  but  to 
the  regulation  of  the  air  supply.  Second,  the  efficiency  of  the 
boilers  in  San  Francisco  is  due  to  the  fact  that  it  is  theoretically 
possible  to  get  a  greater  percentage  of  efficiency  out  of  oil  than  out 
of  coal.  I  know  of  no  large  plant  in  the  East  tested  with  oil.  We 
have  to  test  with  coal,  where  we  are  troubled  with  ashes,  the  large 
excess  of  air  necessary  to  burn  coal  properly,  and  many  disadvan- 
tages which  the  writer  would  credit  to  the  coal  pile,  because  it  suffers 
these  disadvantages. 

3  Thus  we  have  in  favor  of  oil,  the  theoretical  economy  higher 
than  that  of  coal  and  the  diminution  of  the  excessive  losses  due  to 
unregulated  air  supply  in  coal  firing.  The  records  of  the  test  fail  to 
show,  however,  how  much  of  the  total  economy  between  kilowatt- 
hours  and  barrels  of  oil  is  due  to  the  reciprocating  engine.  As  far  as 
I  can  find,  not  a  single  point  is  made  in  favor  of  the  reciprocating 
engine,  other  than  the  general  statement  that  because  we  have  the 
great  economy  the  reciprocating  engine  is  a  good  engine. 

4  In  making  a  test  between  the  reciprocating  engine  with  oil  as  fuel 
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under  the  boilers,  and  a  turbine  engine  with  coal,  we  have  so  many 
variables  that  from  such  a  test-record  a  statement  of  the  relative 
value  of  the  reciprocating  engine  and  the  turbine  is  impossible. 
The  only  way  to  get  such  a  statement  is  to  have  a  test  made  with  the 
turbine  in  San  Francisco  with  oil,  with  the  same  boilers  and  with  same 
adjustment  of  air  supply,  and  Professor  Jacobus  to  watch  it,  and  we 
will  get  as  good  results  out  of  the  turbine,  if  not  better,  than  have 
been  obtained  from  the  reciprocating  engine. 


Prop.  William  D.  Ennis  It  is  difficult  to  say  whether  in  reality 
this  plant  is  showing  notable  economy.  A  heat  consumption  of 
25  288  B.t.u.  per  kw-hr.  is  perhaps  imprecedented,  if  it  is  main- 
tained In  the  ordinary  operation  of  the  plant.    This  rate,  noted  during 
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the  15-day  test,  under  expert  superintendence,  is,  however,  not  com- 
parable with  the  2  to  2^  lb.  coal  consumption  rates  of  our  best  large 
plants  day  in  and  day  out  as  the  load  factor  comes.  It  is  to  be 
regretted  that  the  details  of  the  boiler  performance  are  not  given,  as 
this  would  permit  of  judging  as  to  the  economy  of  the  engines. 
Assuming  that  the  boiler  efficiency  was  0.80,  and  the  efficiency  from 
engine  cylinder  to  switchboard  0.855,  then  the  heat  unit  consumption 
from  line  24  of  Table  1  was  about  215  B.t.u.  per  i.h.p.  per  min. — not 
at  all  an  exceptional  result  with  superheat,  under  test  conditions. 
With  engines  of  this  size,  operating  at  180  lb.  pressure,  and  with  cer- 
tainly a  fair  vacuum — 28.334  in., — one  would  almost  expect  a  better 
result.  If  these  were  service  tests,  however,  then  the  results  are  of 
course  most  excellent.  But  the  results  do  not  seem  to  be  those  to  be 
anticipated  in  regular  running. 
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2  The  proposal  to  compare  engine  performances  with  the  limits 
possible  in  a  standard  cycle  has  been  made  before.  There  is  no  good 
reason  for  calling  this  standard  cycle  that  of  Rankine.  It  is  true  that 
Rankine  recognized  that  the  terminal  pressure  might  be  equal  to, 
greater  than  or  less  than  the  condenser  pressure  (The  Steam  Engine, 
1897,  Art.  278) ;  but  all  of  his  computations  are  based  on  the  existence 
of  some  terminal  drop.  On  the  other  hand,  Clausius  (Fifth  Memoir, 
On  the  Applicatum  of  the  Mechanical  Theory  of  Heat  to  the  Steam 
Engine)  clearly  describes  what  I  suppose  we  have  all  had  in  view  as 
the  standard  cycle;  viz,  one  in  which  adiabatic  expanfdon  is  followed 
by  isothermal  condensation  without  intermediate  drop  in  pressure. 
The  expression  for  efficiency  of  this  cycle  is  perfectly  definite,  based  on 
the  upper  and  lower  temperatures:  that  for  the  Rankine  cycle  is  not. 
The  illustration  may  make  this  clear.  The  Rankine  cycle  between 
the  limits  a  b  and  c  d  might  be  any  one  of  fjqne,  fipme  or  fhde;  the 
Clausius  cycle  can  be  only  ]gke. 

Mb.  J.  R.  BiBBiNS  Much  information  of  an  important  character 
has  been  omitted  from  the  valuable  paper  on  Fuel  Economy  Tests; 
namely,  data  on  individual  efficiencies  of  engine  and  boiler  plants 
respectively.  It  may  have  been  difficult  to  obtain  such  data  during 
the  test,  but  they  are  certainly  essential  to  the  conclusion  reached 
by  the  author,  whereby  the  reciprocating  engine  is  credited,  by 
inference  if  not  directly,  with  the  major  part  of  the  excellent  results 
obtained  although  no  data  are  presented  which  give  the  least  possible 
ground  for  such  a  conclusion. 

2  Suppose,  however,  we  take  the  author  at  his  word  and  compute 
the  efficiency  possible  from  a  steam  motor  working  under  the  precise 
conditions  stated.  Referring  to  the  15-day  test,  the  average  load 
was  about  3660  kw.,  and  it  is  stated  that  the  engines  were  rated  at 
4000  kw.  Presumably,  therefore,  the  engines  during  this  15-day  test 
were  operated  at  approximately  their  point  of  best  economy.  Now 
on  the  other  hand,  consider  a  turbine  plant  similarly  rated  at  or 
near  its  point  of  best  economy  (just  before  the  overload  valve  comes 
into  service).  If  we  supply  this  turbine  with  steam  at  180  lb.  pres- 
sure, 82  deg.  superheat  and  a  vacuum  of  28|  in.,  or  even  28  (allow 
for  drop  between  condenser  and  turbine),  it  is  a  question  whether 
the  author  would  place  his  opinion  on  record  that  the  economy  thus 
obtained  in  connection  with  the  same  oil-burning  boiler  plant  would 
be  inferior  to  the  corresponding  economy  obtained  by  test  on  the 
reciprocating  engines.    In  other  words,  with  a  given  boiler  plant 
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and  given  conditions  of  operation,  does  the  author  claim  for  the 
reciprocating  engine  economy  superior  to  that  which  recent  tests 
of  large  turbines  have  demonstrated  beyond  reasonable  doubt? 
This  is  to  be  inferred  from  his  closure.  In  Par.  68,  the  author  states 
that,  ''inasmuch  as  the  steam  turbine  gains  largely  in  apparent  econ- 
omy due  to  increased  vacuum, "  the  reported  economy  from  turbine 
plants  should  be  reduced  accordingly  for  comparison  with  engine- 
driven  plants.  The  vacuum  reported  in  the  Redondo  tests  is  fully 
as  high  as  is  obtainable  in  the  best  turbine  plants  in  the  country — 
28  and  28.4  in.,  therefore  the  necessity  for  correction  is  not 
apparent. 

3  The  crux  of  this  whole  matter  seems  to  be  the  eflBciency  of 
the  boiler  plant  with  oil  fuel.  Three  years  ago  the  United  States 
Naval  Bureau  of  Steam  Engineering  conducted  extensive  tests  with 
both  oil  and  coal  fuel  upon  a  marine  water-tube  boiler,  with  the 
specific  purpose  of  ascertaining  the  comparative  boiler  eflBciencies 
respectively  obtainable.  Detail  figures  are  not  at  hand,  but  the 
average  ratio  of  evaporation  between  coal  and  oil,  under  otherwise 
identical  conditions,  was  in  the  neighborhood  of  10  to  15;  and 
under  normal  power-plant  conditions  of  land  practice,  the  ratio  was 
reported  still  higher,  10  to  17.  Correcting  for  the  difference  in  heat- 
vjJues  of  fuel  burned,  it  is  apparent  that  the  eflSciency  of  an  oil-fired 
boiler  plant  is  from  10  to  20  per  cent  higher  than  that  of  one  burn- 
ing coal. 

4  Assuming  then  a  turbine  plant  generating  a  kilowatt-hour  on 
15  lb.  of  steam,  under  the  conditions  obtaining  durirg  the  Redondo 
test,  and  a  boiler  plant  burning  coal  with  the  eflBciency  of  an  oil- 
fired  plant,  evaporation  would  be  at  least  10  lb.  of  water  per  pound 
of  coal,  and  the  overall  fuel  consumption  1.5  lb.  per  kilowatt-hour 
or  21  000  B.t.u.  per  kilowatt-hour,  an  economy  superior  to  that 
obtained  at  Redondo.  That  the  turbine  economy  above  noted  is 
quite  conservative  is  apparent  from  the  results  of  tests  upon  a  large 
turbine  at  the  Waterside  Station  of  the  New  York  Edison  Company. 
An  average  economy  better  than  15  lb.  was  obtained  under  conditions 
of  175  lb.  pressure,  96  deg.  superheat  and  27.3  in.  vacuum.  It  does 
not  seem,  therefore,  that  the  reciprocating  engine  has  demonstrated 
itself  in  the  Redondo  tests  capable  of  any  extraordinary  economy, 
per  sn. 

5  The  shape  of  the  economy  curve  A,  Fig.  3,  seems  to  establish 
a  rather  novel  load  characteristic  for  a  power-plant  unit;  viz.  practi- 
cally constant  economy  over  an  extraordinary  range  of  load.     If 
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we  consider  the  reciprocal  of  this  curve  in  pounds  of  oil  per  kilowatt- 
hour,  and  again  convert  this  into  total  oil  per  hour  plotted  agiunst 
load,  we  have  a  so-called  Willans  line,  shown  as  curve  1  of  the  accom- 
panying figure.  This  Willans  law  is  highly  valuable  in  analyzing 
the  rational  performance  of  both  steam  and  gas  plants,  and  at  a 
glance  indicates  unusual  results.     In  this  case,  the  load  oil-consump- 


LoAD  IN  Kilowatts  pek  Pound  of  Oil  and  per  B.t.u.  per  Hour 

tion  curve  is  practically  a  straight  line  from  the  origin  above  about 
3000  kw.,  curving  rapidly  below  this  point,  a  phenomenon  for  which 
it  is  diflScult  to  find  a  good  explanation.  If  now  we  plot  a  similar 
Willans  line  for  load  B.t.u.  per  hour,  taking  the  observed  values 
(line  24,  Table  1),  curve  2  is  obtained.^  This  line  of  total  heat  con- 
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sumption  appears  entirely  rational  as  a  characteristic  of  a  steam 
engine  governing  by  cut-oflf.  It  shows  a  decided  curvature,  the 
relative  heat  consumption  increasing  on  both  heavy  and  light  loads. 
The  point  of  tangency  of  a  radial  line  from  the  origin  indicates  the 
point  of  best  economy  to  be  in  the  neighborhood  of  4000  kw.,  which 
is  entirely  rational. 

6  Finally,  if  the  values  obtained  by  correcting  oil  consumption 
according  to  contract  stipulation  are  plotted  (line  23,  Table  1),  the 
Willans  line  flattens  out  into  the  straight  line  3,  above  3000-kw. 
load,  but  shows  an  even  more  marked  curvature  below  this  load. 
This  would  indicate  a  practically  constant  heat  consumption  of  the 
unit  from  3000  kw.  up. 

7  The  reasons  for  these  peculiar  characteristics  are  not  clear, 
and  from  the  known  characteristics  of  a  reciprocating  engine  tested  at 
different  loads,  as  was  done  in  this  case,  it  may  only  be  inferred  that 
the  reasons  lie  in  a  variable  boiler-plant  eflSciency.  To  my  knowledge 
there  is  no  prime  mover  possessing  a  straight-line  characteristic  through 
the  origin,  i.  e.,  an  economy  remwiing  constant  with  the  change  of 
load.  CJonsequently,  we  may  look  to  th^  boiler  plant  only  for  an 
explanation  of  these  results.  And  it  is  to  be  hoped  that  the  author 
may  be  able  to  submit  further  data.  The  Redondo  tests  are  so 
thoroughly  authenticated  in  every  respect  as  to  preclude  the  usual 
possibility  of  errors  of  observation,  so  that  the  opportunity  is 
exceptionally  good  for  throwing  further  light  upon  oil-fired  boiler 
performance.  This  would  be  particularly  desirable  in  connection 
with  the  discussion  of  the  methods  of  firing  in  the  author's  second 
paper. 

Mr.  I.  E.  MouLTROpJ^This  is  an  interesting  paper  upon  a  subject 
which  has  been  somewhat  neglected  by  the  Society  in  recent  years, 
and  in  the  writer's  opinion  more  papers  on  similar  lines  would  be  of 
value.  Mr.  Weymouth  has  made  a  careful  test  of. the  Redondo  plant, 
and  is  to  be  congratulated  on  having  built  a  fine  station  and  one 
which  shows  remarkably  good  economy. 

2  In  view  of  the  care  with  which  this  test  was  made  and  the  large 
number  of  trained  observers  employed,  it  is  to  be  regretted  that  more 
information  was  not  obtained  at  intermediate  points  in  the  cycle 
which  would  point  out  specifically  how  this  fine  economy  was  obtained. 
There  is  nothing  to  show  whether  it  was  obtained  in  the  boiler  plant, 
the  engine  plant,  the  condenser  plant,  or  the  general  station  design. 
The  author  apologizes  for  the  vacuum  and  attributes  the  lack  of  a 
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better  one  to  the  temperature  of  the  cooling-water,  which  he  con- 
siders high.  The  vacuum  seems  to  be  remarkably  good  under  the 
given  conditions,  however. 

3  Mr.  Weymouth  is  in  error  when  he  states  that  Eastern  power 
stations  obtain  their  higher  vacuum  only  by  the  use  of  cooling-water 
at  a  temperature  near  the  freezing  point.  The  writer  knows  of  a 
number  of  large  power  stations  where  the  condensing  apparatus  is 
designed  to  give  vacuums  inside  of  1^  in.  absolute  with  the  circulating 
water  from  5  to  10  deg.  higher  than  the  temperature  stated  in  the 
paper;  and  he  is  inclined  to  think  that  a  material  increase  in  the 
cooling  surface  of  the  condenser,  other  conditions  being  the  same, 
would  have  considerably  improved  the  vacuum  in  this  instance. 

4  Some  of  the  conclusions  drawn  by  the  author  seem  imwarranted, 
especially  where  he  unfavorably  compares  large  .turbine  stations  in 
the  East  to  his  station.  There  is  nothing  in  the  paper  which  justifies 
the  assumption  that  the  engineers  did  the  best  thing  when  they  selected 
steam  engines  for  the  prime  movers.  As  the  superior  economy  of 
steam  turbines  over  reciprocating  engines  as  prime  movers  for  elec- 
trical generating  stations  has  been  so  well  demonstrated,  and  as  the 
vacuum  carried  on  the  plant  during  the  test  was  not  especially  good, 
only  the  boiler  plant  is  left  to  be  considered  in  accounting  for  the 
good  results  obtained.  Tests  in  other  places,  and  notably  by  the 
United  States  Geological  Survey,  indicate  that  boilers  fired  with 
good  fuel  oil  show  a  considerably  higher  economy  than  with  first- 
class  steam  coal. 

5  The  central  station  manager  naturally  wants  a  generating 
plant  which  will  show  a  fine  performance  on  theB.t.u.  basis,  but  he 
is  much  more  concerned  in  having  a  generating  station  which  will  put 
the  maximum  of  kilowatts  on  the  switchboard  for  a  dollar  spent  in 
operating;  and  while  the  geographical  situation  of  the  Redondo  sta- 
tion was  doubtless  such  that  fuel  oil  was  a  wise  choice,  no  cost-infor- 
mation is  given,  and  there  is  therefore  no  means  of  determining 
whether  or  not  an  engineer  in  the  middle  or  eastern  states  would  be 
justified  in  building  a  station  for  the  use  of  fuel  oil. 

6  There  is  one  point  in  the  operation  of  this  station  which  the 
author  has  not  touched,  and  which  I  hope  he  will  include  in  his  closure, 
and  that  is  the  matter  of  the  successful  removal  of  the  cylinder  lubri- 
cation from  the  condensed  steam  before  it  is  returned  to  the  boilers. 
This  has  been  a  very  serious  objection  to  the  use  of  surface  condensers 
with  steam  engines  in  power  plants,  and  it  would  be  extremely 
interesting  to  know,  either  how  the  oil  is  successfully  removed  or 
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what  difficulties  and  extra  expense  are  entailed  in  operating  the  plant 
by  reason  of  more  or  less  oil  getting  in  the  boilers. 

Mb.  a.  H.  Kruesi  The  subject  has  been  well  covered  by  those 
who  have  already  discussed  the  paper.  The  economy  hinges  on  the 
efficiency  of  the  boilers.  It  appears  that  the  conclusions  on  the  last 
page  are  hardly  justified  without  more  data  as  to  where  the  econ- 
omy of  the  plant  is  to  be  found*  The  boilermakers  might  claim  a 
large  part  of  the  credit  and  as  has  been  shown  a  large  part  of  it  is 
due  to  the  use  of  a  fuel  which  is  little  short  of  ideal.  It  can  be  con- 
trolled instantly,  produces  very  little  flue  dust,  and  has  many  other 
advantages  which  need  not  be  detailed  here. 

2  It  may  be  noted  that  the  conclusions  as  to  the  flexibility  of 
these  units  make  a  virtue  of  a  necessity  of  the  steam  engine.  By 
the  same  argument  it  might  be  contended  that  it  is  desirable  to  use 
five  1000  kw.  turbines,  instead  of  one  5000  kw.  turbine,  to  reduce 
the  liability  of  breakdown  and  increase  flexibility  of  operation. 

Mr.  F.  W.  O'Neil  The  paper  upon  Fuel  Economy  Tests  is  of  value 
in  showing  the  performance  of  engines  at  fractional  loads.  As 
pointed  out  in  Par.  58  the  losses  are  proportionately  greater  at  frac- 
tional loads,  yet  as  the  difference  in  losses  at  full  and  fractional  loads 
is  relatively  small,  the  economy  of  the  engines  fairly  approximates 
the  economy  of  the  whole  station. 

2  The  result  obtained  of  252.8  kw.-hr.  per  bbl.  of  oil,  or  25  288 
B.t.u.  per  kilowatt  hour,  is  by  no  means  extraordinary  when  com- 
pared with  the  performance  of  engines  reported  to  the  Society  in  the 
past  and  when  the  size  of  the  plant,  the  high  vacuum  and  superheat 
are  taken  into  account,  as  well  as  the  high  boiler  efficiency  possible 
when  firing  with  oil. 

3  The  thing  which  is  extraordinary  in  this  report  is  the  low  guar- 
antee accepted  by  the  pimjhaser^of  170  kw.-hr.  per  bbl.  of  oil,  espe- 
cially when  it  is  conadered  that  a  large  bonus  was  to  be  paid  for  every 
kilowatt  hour  secured  over  and  above  this  amount.  The  difference 
between  the  guaranteed  economy  and  the  economy  obtained  on  test 
is  32.8  per  cent,  or,  in  other  words,  the  plant  used  32.8  per  cent  less 
fuel  than  would  have  been  consumed  had  the  actual  economy  corre- 
sponded to  the  guarantee.  This  fact,  together  with  the  conclusion  of 
the  writer,  might  lead  some  to  believe  that  the  difference  between  the 
guaranteed  and  obtained  economy  represented  the  accuracy  with 
which  designing  engineers  were  able  to  predict  engine  performance. 
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The  writer  believes  it  desirable  to  call  attention  to  the  fact  that  the 
above  difference  is  by  no  means  a  fair  measure  of  the  ability  of  steam 
engine  designers  to  predict  engine  performance. 

4  It  is  to  be  regretted  that  water  was  not  weighed,  or,  if  it  was, 
that  the  amount  was  not  included  in  the  results,  so  that  the  separate 
performance  of  boilers,  engines,  etc.,  could  be  segregated. 

Prof.  W.  B.  Gregory  The  economy  shown  in  these  tests  is 
undoubtedly  due  to  high  boiler  efficiency.  Crude  oil  is  used  exten- 
sively in  the  southwest,  especially  in  Louisiana  and  Texas,  and  on 
the  Pacific  coast.  Boiler  tests  with  various  kinds  of  coal  are  numer- 
ous. The  tests  in  which  fuel  oil  was  used  are  much  more  limited  as 
some  of  the  best  work  has  been  done  by  boiler  manufacturers  and  is 
not  available  to  the  general  public. 

2  During  the  last  seven  years,  the  writer  has  made  more  than  fifty 
tests  with  fuel  oil  and  has  had  a  widely  varying  experience  with  this 
fuel.  The  best  results  can  be  attained  only  when  careful  attention 
is  given  to  every  detail  of  the  boiler  equipment.  Burners  for  fuel  oil 
use  from  less  than  3  per  cent  to  12  or  15  per  cent  of  the  total  steam 
generated.  The  arrangement  of  the  furnace  has. been  found  to  affect 
results  to  a  marked  degree. 

3  The  greatest  loss  in  burhing  fuel  oil  undoubtedly  comes  from 
careless  manipulation  of  draft  openings  and  of  the  damper.  Much  of 
the  writer's  experience  has  been  in  the  testing  of  irrigation  plants  of 
from  50  to  600  boiler  h.p.  capacity  where  the  load  was  constant  and 
the  efficiency  in  the  larger  plants  ought  to  have  been  high.  Many 
of  the  tests  were  made  to  determine  the  actual  conditions  of  ordinary 
running  without  offering  any  suggestions  as  to  the  best  way  to  im- 
prove economy.  In  a  great  many  plants  the  firemen  leave  the  draft 
doors  wide  open  and  so  long  as  no  smoke  appears  they  are  satisfied, 
never  questioning  whether  the  amount  of  air  is  greatly  in  excess  of  that 
required  for  economical  results.  Under  these  conditions,  boiler 
efficiencies  ranging  from  55  to  60  per  cent  arp  to  be  expected  and  the 
results  show  that  such  efficiencies  are  obtained.  On  the  other  hand, 
when  acceptance  tests  of  plants  were  made  under  a  fuel  guarantee 
and  care  was  used  in  finding  the  proper  draft  area,  and  especially  in 
the  manipulation  of  the  damper  to  maintain  as  high  a  pressure  as 
possible  in  the  furnace  and  around  the  heating  surface  of  the  boilers, 
the  efficiency  has  ranged  from  73  to  75  per  cent. 

4  The  amount  of  fuel  saved  by  an  intelligent  control  of  the  fur- 
naces is  therefore  a  large  item  in  the  annual  fuel  bill.    This  fact  has 
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not  been  suflSciently  brought  home  to  the  operators  of  power  plants 
using  fuel  oil.  No  doubt  there  is  much  to  be  learned  regarding  the 
control  of  boilers  using  this  fuel,  and  there  is  still  a  wide  field  for 
research  work  having  for  its  object  the  conserving  of  fuel  in  the  form 
of  crude  oil  and  pointing  out  a  few  simple  rules  to  guide  the  operat- 
ors of  such  boiler  plants  towards  a  more  economical  generation  of 
steam. 

The  Author  While  the  interest  in  this  paper  as  evidenced  by 
the  discussion  is  very  gratifying,  it  is  disappointing  that  for  purposes 
of  comparison  specific  statements  of  economy  have  not  been  given 
for  some  of  the  more  important  Eastern  and  Western  power  stations. 

2  During  the  last  six  or  eight  years,  the  steam-power  central 
station  has  experienced  apparently  a  wonderful  development,  and 
the  fuel  economy  of  these  large  stations  is  a  matter  of  supreme  impor- 
tance to  mechanical  engineers.  With  modem  systems  for  central- 
station  records  and  cost-accounting,  it  cannot  be  that,  privately,  this 
subject  has  not  received  its  full  share  of  attention  and  study;  yet, 
with  perhaps  one  exception,  the  engineering  public  might  search  in 
vain  the  proceedings  of  our  leading  engineering  societies,  and 
even  the  technical  press,  for  an  authoritative  statement  of  plant  fuel 
economy  in  regular  every-day  service  in  any  of  these  notable  central 
stations. 

3  During  recent  years  there  have  been  pronounced  differences 
of  engineering  opinion  regarding  the  selection  of  prime  movers,  and 
while  these  diflferences  do  not  center  on  the  question  of  fuel  economy 
alone,  this  is,  in  most  cases,  a  prime  factor.  It  has  become  a  custom 
in  the  selection  of  such  apparatus  to  compare  the  steam  consumption 
guarantees  for  various  types  at  specified  ratings,  making  reference 
to  actual  shop  and  plant  tests  as  a  warrant  for  the  guarantee.  It  is 
a  fact,  however,  that  the  final  measure  of  economy  is  in  the  monthly 
maintained  station  fuel  records,  under  actual  service  conditions  and 
covering  a  wide  range  of  load,  rather  than  in  shop  or  uniform-load 
tests.  The  engineering  public  are  far  more  interested  in  these  com- 
mercial fuel  economies,  than  in  mere  statements  as  to  steam  consump- 
tion under  ideal  test  conditions,  or  in  speculations  as  to  probable  fuel 
economy  based  on  an  assumed  steam  economy;  and  in  passing  judg- 
ment on  a  matter  of  such  importance,  they  are  entitled  to  such  fuel 
performance  records. 

4  The  results  of  the  official  fifteen  days'  test  of  the  Redondo  plant 
weie  obtained  on  a  commercial  run  under  rapidly  swaying  railway 
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load,  and  including  all  standby  losses  for  each  day  during  the  foui 
and  one-half  hour  period  of  shutdown.  It  is  common  knowledge 
that  there  is  a  large  discrepancy  between  such  commercial  load  rec- 
ords and  shop  or  uniform-load  tests,  a  feature  apparently  overlooked 
by  some  members  in  discussing  this  paper. 

^  5  The  Redondo  station  operates  in  parallel  with  a  waterpower 
station  of  about  equal  capacity.  Practically  all  of  the  total  load- 
variation  is  taken  up  by  the  Redondo  engines,  and  as  these  swings 
correspond  to  those  of  a  plant  of  double  capacity,  it  follows  that  the 
rate  and  magnitude  of  load  variations  on  each  unit  are  about  twice 
as  great  as  on  an  ordinary  or  independently  operated  steam  plant. 

6  The  writer  has  been  keeping  careful  note  of  the  monthly  econ- 
omy of  the  Redondo  plant,  in  order  to  detect  any  failure,  chargeable 
to  the  plant  equipment,  to  maintain  the  economy  as  shown  at  the 
time  of  completion.  There  are  external  conditions — principally  the 
intermittent  failure  of  circulating  water  due  to  seaweed,  and  the  oper- 
ation of  all  or  part  of  the  plant  non-condensing  for  intervals  Varying 
from  a  few  hours  to  a  few  days  per  week — ^which  for  certain  months 
have  caused  a  falling  off  of  the  monthly  economy  by  not  more  than 
from  five  to  ten  per  cent. 

7  But  to  answer  properly  Mr.  Ennis,  who  apparently  is  under 
the  mistaken  impression  that  the  record  given  was  merely  for  a  test 
condition,  and  who  considers  the  economy  stated  "perhaps  unpre- 
cedented if  it  is  maintained  in  the  ordinary  operation  of  the  plant, " 
the  writer  can  state  that  for  the  month  of  December,  1908,  after 
seven  months'  operation  of  the  Redondo  station  entirely  imder  the 
direction  of  the  regular  plant  operatives,  the  average  economy,  under 
similar  conditions  of  load,  etc.,  was  even  better  than  that  obtained 
under  the  official  test  of  the  complete  plant.  Provided  the  plant 
upkeep  is  given  ordinary  attention,  there  is  every  reason  to  believe 
that  the  station  will  continue  to  maintain  practically  the  same  fuel 
economy;  except  during  periods  of  imfavorable  external  conditions 
of  the  character  outlined. 

8  Several  members  have  expressed  the  idea  that  compared  with 
Eastern  coal-burning  plants  the  excellent  fuel  economy  of  the  Re- 
dondo station  is  to  be  attributed  wholly  to  the  superior  boiler-plant 
efficiency,  when  burning  crude  oil,  and  not  to  the  economical  perform- 
ance of  the  prime  movers,  which,  either  by  inference  or  conjecture, 
they  would  class  as  ordinary. 

9  It  is  important  to  distinguish  between  the  high  efficiencies 
resulting  from  an  absolutely  uniform-load  boiler  test  under  ideal 
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conditions  permitting  refined  adjustment,  and  the  performance  under 
constantly  changing  railway  load,  with  heavy  swings  and  including 
not  only  a  considerable  period  of  operation  at  light  load,  but  several 
hours  of  standby  and  radiation  loss  during  each  24-hour  period; 
and  however  good  the  gross  boiler  efficiency  may  be  with  oil  fuel,  there 
results  a  lower  net  boiler-plant  efficiency,  after  making  deductions 
for  the  steam  consumption  of  oil  burners,  heating  coils  in  oil-suction 
tanks,  oil-pressure  pumps  and  live-steam  make-up  in  oil-pressure 
heaters,  and  after  making  the  further  uncertain  allowances  in  the 
case  of  excessive  moisture  and  sulphur  in  the  oil,  and  loss  by  vaporiza- 
tion due  to  heating  in  suction  tanks. 

10  Judging  by  various  general  statements,  there  unquestionably 
prevails  an  exaggerated  idea  of  the  diflference  between  this  net  boiler- 
plant  efficiency  when  burning  oil  fuel,  and  when  burning  the  best 
grades  of  anthracite  and  semi-bituminous  coals,  under  the  every-day 
commercial  service  conditions  described,  and  even  when  using  the 
automatic  system  of  oil-firing.  In  short,  the  economy  of  this  plant 
in  view  of  the  necessary  losses  in  its  various  elements,  under  regular 
service  as  compared  with  test-conditions,  indicates  that  not  only 
was  the  boiler  performance  remarkably  fine,  as  correctly  indicated 
in  the  discussion,  but  that  the  individual  performance  of  every  ele- 
ment composing  the  plant  was  necessary  of  notable  excellence. 

11  Inline  with  these  considerations,  Mr.Barrus  and  others  have 
inquired  for  test  data  on  the  various  elements^of  the  plant.  The 
only  official  tests  made  at  Redondo  are  those  given  in  the  paper, 
and  made  under  the  control  of  the  Testing  Committee  appointed  by 
the  contractor  and  purchaser.  The  only  tests  of  individual  elements 
were  informal  tests  of  short  duration,  in  which  the  purchaser  was  not 
represented,  and  although  they  might  be  of  service  in  estimating  the 
performance  to  be  expected  in  designing  new  plants  they  would  not 
add  to  the  value  of  the  paper,  when  limited  to  the  purpose  for  which 
it  was  written. 

12  It  seems  to  have  been  taken  for  granted  by  some  that  the 
writer  is  an  enemy  of  the  steam  turbine,  which  is  not  so.  All  he 
desired  was  to  bring  out  the  fact  that  the  piston  steam  engine  is  stUl 
an  important  factor  in  steam  power  plant  design.  On  the  present 
showing  of  Pacific  Coast  plants,  he  is  compelled  to  favor  the  piston 
engine  on  the  score  of  economy,  but  he  does  not  wish  to  take  a  stand 
that  either  one  or  the  other,  or  a  combination  of  the  two,  will  neces- 
sarily be  the  most  efficient,  when  all  the  elements  which  affect  the 
every-day  working  of  a  power  plant  are  considered.     Under  constant 
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full-load  "test  conditions"  the  steam  consumption  of  engines  and 
turbines  may  be  nearly  equal,  but  under  commercial  service  and  on 
widely  varying  loads  there  may  exist  a  marked  difference  in  the 
respective  fuel-economy  records,  and  fuel  economy  is  really  "the 
proof  of  the  pudding. " 

13  In  answer  to  Mr.  Kent — colder  circulating  water  can  be  had 
in  the  East  than  in  the  West,  and  as  the  economy  of  the  turbine 
depends  largely  on  the  vacuum  obtainable,  turbine  plants  installed 
in  the  West  with  70-deg.  circulating  water  will  not  show  as  favor- 
able economy,  either  in  steam  consumption  or  the  '^coal  pile/'  fs 
plants  in  the  East,  where  circulating  water  is  available  for  a  season 
at  35  deg.  fahr.,  and  where  a  vacuum  of  between  29  in.  and  29^  in. 
is  then  obtainable. 

14  Mr.  Ennis  states  that  the  best  records  for  Eastern  coal-burn- 
ing turbine  plants  are  between  two  and  two  and  one-half  pounds 
of  coal  per  Idlowatt  hour.  If,  as  is  probably  the  case,  these  stations 
are  burning  the  best  qualities  of  anthracite  and  semi-bituminous 
coal,  then  after  making  due  correction  for  boiler  efficiency,  the  Redondo 
station  will  still  be  ahead  on  the  score  of  economy. 

15  In  estimating  the  probable  economy  of  the  Redondo  engines, 
Mr.  Ennis  used  a  combined  efficiency  of  engine  and  generator  of 
0.855,  popularly  assumed  as  a  representative  figure  for  steam  engines, 
whereas  that  actually  observed  and  stated  in  the  paper  is  over  0.94. 

16  Referring  to  the  deduction  of  Mr.  Bibbins,  the  writer  again 
wishes  to  protest  a^nst  theoretical  considerations  and  calculated 
economies,  either  from  prime  movers  to  complete  plants,  or  vice 
versa.  Complete  plant  economy  is  not  merely  a  product  of  engine 
and  boiler  performance,  but  involves  many  other  well-known  items 
of  loss.  There  must  be  considered  not  only  the  uniform  load 
test  performance  of  boilers  and  engines  at  economical  load,  but 
also  their  poorer  performance  in  the  station  on  variable  load, 
including  light  load  and  overload;  and  all  other  elements  of  sta- 
tion fuel-loss,  including  standby,  starting  and  stopping,  will  decrease 
the  actual  every-day  station  economy,  as  compared  either  with  the 
.calculated  full-load  economy  or  that  shown  by  a  test  of  short  duration. 
Hence,  knowing  the  variable  load  economy  of  the  complete  plant, 
and  say,  the  boiler  efficiency,  the  calculated  steam  consumption  of 
prime  movers  will  be  too  great  if  these  other  items  are  neglected. 
Also  if  the  boiler  and  engine  test  performance  are  known,  the  calcu- 
lated complete  plant  economy  is  far  too  good  if  the  other  items 
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of  loss  are  neglected.  Comparing  with  actual  service  records,  Mr. 
Bibbins'  calculation  of  one  kilowatt-hour  on  fuel-consumption  of 
21  000  B.t.u.  offers  an  example  of  the  confusion  resulting  from  such 
false  anal3r8es.  If  Mr.  Bibbins  and  Mr.  Eruesi  would  present  to  the 
Society  some  actual  station  fuel  records,  of  their  respective  companies, 
either  for  Eastern  or  Western  turbine  plants,  they  would  add  to  our 
store  of  such  information,  and  perhaps  encourage  others  to  come 
forward  with  the  same  sort  of  data. 

17  The  writer's  suggestion,  commented  on  by  Mr.  Ennis,  as  to  the 
establishment  of  a  standard  for  comparison  of  fuel  economies  for 
power  stations,  had  reference  to  the  extension  to  complete  plants  of 
the  standard  set  forth  in  the  report  of  the  committee  of  the  British 
Institution  of  Civil  Engineers,  which  referred  only  to  the  performance 
of  steam  engines,  under  different  initial  and  final  pressures  and  tem- 
peratures. An  extract  from  this  report  is  given  in  Ripper's  The 
Steam  Engine,  Theory  and  Practice,  p.  300.  This  cycle  is  desig- 
nated by  the  above  committee  as  the  Kankine  cycle,  and  is  best 
known  under  this  name,  although  previously  known  as  the  Clausius 
cycle. 

18  The  writer  would  emphasize  the  important  difference  in  appli- 
cation between  the  standard  proposed  by  the  committee  of  the  British 
Institution  of  Civil  Engineers,  and  that  proposed  by  the  writer. 
The  former  refers  to  steam  motors  only,  and  the  lower  limit  of  tem- 
perature is  that  measured  in  the  exhaust  pipe  near  the  engine.  The 
latter  refers  to  complete  plants,  including  steam  ipotor,  boilers  and 
auxiliaries,  and  not  merely  the  prime  mover;  the  lower  limit  is  the 
initial  temperature  of  circulating  water  and  not  the  temperature  in 
the  exhaust  pipe.  The  complete  plant  performance  will  depend  on 
the  efficiency  of  the  condensing  plant,  and  the  nearness  with  which 
the  vacuum  approaches  the  lower  temperature  limit  established  by 
the  entering  circulating  water. 

19  Referring  to  Mr.  Bibbins'  remarks  on  the  performance  of 
engines  at  fractional  loads;  owing  to  the  increasing  number  of  expan- 
sions, and  the  benefits  derived  from  the  use  of  superheated  steam, 
the  Redondo  engines  actually  improve,  over  rated  economy,  for  a 
wide  range  of  fractional  load.  And  contrary  to  the  prevailing  opinion 
a  good  vacuum  is  very  desirable  for  high  engine  economy,  the  benefit 
on  fractional  loads  being  especially  notable.  This  improvement  in 
engine  economy  at  the  lighter  loads  was  so  marked  that  the  fractional- 
load  losses  in  the  remaining  portions  of  the  plant  were  equalized, 
fl^iving  for  a  fairly  wide  range  of  load  a  practically  uniform  fuel  econ- 
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omy  for  the  complete  unit  of  engines,  boilers  and  auxiliaries.  The 
popular  conception  of  the  performance  of  the  average  engine  on  frac- 
tional load  is  so  decidedly  contrary  to  this,  that  the  writer  feels  that 
he  has  established  a  significant  fact  in  giving  the  curve  of  complete 
plant  fuel  performance. 

20  To  the  writer's  knowledge  there  was  no  consideration  of  in- 
creased flexibiUty  in  the  inception  of  the  four-cylinder  engine,  but 
this  feature  is  not  therefore  of  any  less  importance.  The  combination 
of  the  four-cylinder  engine  with  twin  condensers  combines  features 
of  the  utmost  value,  when  considering  the  continuity  of  station  out- 
put with  a  limited  number  of  units,  and  also  when  operating  in  loca- 
tions necessitating  frequent  cleaning  of  or  tube  renewals  in  surface 
condensers. 

21  For  the  frequent  special  conditions  at  Redondo,  of  failure  of 
circulating  water  and  stoppage  of  condensers  by  seaweed,  the  twin- 
condenser  arrangement  is  of  the  utmost  value,  permitting  the  cleaning 
of  each  condenser,  while  the  entire  engine  exhausts  to  the  other,  thus 
losing  between  one  and  two  inches  of  vacuum  only.  When  the  supply 
of  cooling  water  is  completely  stopped  by  seaweed,  the  ability  of  the 
engines  to  carry  the  same  heavy  overload  non-condensing,  and  this 
with  high  economy,  is  likewise  a  feature  of  great  value,  for  on  such 
service  the  effective  capacity  of  any  prime  mover  is  its  capacity  when 
operating  non-condensing. 

22  Mr.  O'Neil  is  apparently  surprised,  not  that  the  actual  result 
was  so  good,  but  that  the  guarantee  was  so  poor,  and  he  feels  that 
this  difference  reflects  on  the  ability  of  the  engineers  to  determine 
the  guarantee.  This  guarantee  was  not  based  on  a  calculated  econ- 
omy; it  included  the  elements  of  standby  loss,  and  variable  load  run- 
ning, on  which  no  data  were  publicly  available.  On  the  other  hand, 
the  guarantee  was  based  on  what  information  could  be  secured  as  to 
the  actual  performance  of  existing  stations  burning  oil  fuel.  The 
contractor's  initial  proposal  stated  that  the  calculated  economy  of 
the  complete  station  based  on  individual  guarantees  of  apparatus, 
and  uniform  load  at  rating,  would  be  240  kw-hr.  per  bbl.  of  oil. 
As  the  existence  of  the  Redondo  station  was  dependent  on  the  guar- 
anteed cost  of  power,  under  commercial  conditions  of  operation,  its 
general  manager  later  demanded  a  commercial  load  guarantee  subject 
to  a  heavy  penalty  for  failure. 

23  Answering  Mr.  Moultrop's  query  as  to  the  method  of  filtering 
cyUnder  oil  from  the  feed-water,  and  the  possible  trouble  from  oil  in 
the  boilers,  on  account  of  the  use  of  condensed  engine  exhaust  as 
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boiler  feed-water;  owing  to  the  limited  supply  of  feed- water,  it 
was  impossible  to  break  in  the  Redondo  plant  on  raw  water,  and  to 
throw  the  air-pump  discharge  overboard.  An  excess  of  cylinder 
oil  was  intentionally  used  in  starting  the  engines,  some  of  which 
passed  by  the  feed-water  filters  and  for  a  period  caused  the  burning 
out  of  some  of  the  lower  row  of  boiler  tubes.  The  quantity  of  cylin- 
der oil  was  subsequently  reduced  so  that  the  filters  could  remove 
enough  oil  to  avoid  diflSculty  with  the  boilers. 

24  Most  of  the  cylinder  oil  used  by  the  engine  is  fed  into  the  high- 
pressure  cylinders,  and  this  is  largely  eliminated  by  the  oil  separator 
diaphragm  on  entering  the  engine  receiver,  and  trapped  to  waste. 
The  steam  entering  the  low-pressure  cylinder  is  consequently  com- 
paratively free  from  oil.  As  but  a  small  amount  of  cylinder  oil  is 
directly  fed  into  the  low-pressure  cylinders,  the  total  amount  of  oil 
in  the  condensed  water  is  relatively  small  and  as  easily  cared  for  by 
the  filters.  The  filters  are  not  of  the  pressure  type,  but  receive  water 
under  atmospheric  pressure,  which  passes  downward  through  the  filter 
by  gravity.  There  are  two  filters  per  engine,  each  about  4  ft.  in 
diameter  by  5  ft.  in  height.  In  each  filter  are  four  horizontal  per- 
forated diaphragms  for  the  support  of  the  filtering  material — usually 
hay — with  which  the  filter  is  completely  filled.  The  discharge  pipe 
is  so  arranged  as  to  submerge  constantly  all  of  the  filtering  material. 

25  This  general  plan  of  filtration  is  in  use  in  all  Pacific  Coast  steam 
engine  power  plants  having  surface  condensers,  and  has  been  success- 
ful for  a  period  of  years,  although  the  same  result  does  not  seem  to 
have  been  accomplished  in  Eastern  power  stations. 

26  In  view  of  the  scarcity  of  accurate  data  as  to  power-plant  per- 
formance, and  the  great  diflSculty  of  getting  authentic  reports  tend- 
ing either  to  prove  or  disprove  the  claims  for  various  types  of  prime 
movers,  it  is  to  be  regretted  that  a  commission  of  disinterested  engi- 
neers has  not  been  appointed,  to  cooperate  with  some  government 
bureau  in  obtaining  complete  data  pertaining  to  the  economy  of  all 
important  power  stations.  The  report  of  such  a  commission  would 
officially  stamp  the  correctness,  or  the  incorrectness,  of  the  economies 
claimed. 

27  The  writer  is  conversant  with  conditions  in  many  Pacific  Coast 
plants,  and  would  be  glad  to  cooperate  with  such  a  commission. 
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EFFICIENCY  TESTS  OF  MILLING  MACHINES 
AND  MILLING  CUTTERS 

Bt  a.  L.  DbLbeuw,  Cincinnati,  O. 
Member  of  the  Society 

The  design  of  standard  machine  tools  was  for  many  years,  and  has 
been  until  quite  recently,  a  matter  of  practical  experience,  judgment 
and  intuition,  and  might  as  well  have  been  called  guesswork.  Special 
tools  of  imusual  magnitude  were  built  on  somewhat  more  scientific 
principles,  and  this,  perhaps,  simply  because  the  required  dimensions 
were  quite  out  of  the  scope  of  the  designer's  experience.  It  was  not 
quite  so  easy  to  show  judgment  about  a  6  in.  as  a  1^  in.  lead  screw; 
and  it  would  not  have  done  at  all  to  make  the  screw  12  in.  just  to 
make  sure;  though  the  instances  are  not  at  all  rare  when  a  machine 
part,  screw  or  shaft,  on  some  smaller  machine  was  made  double  the 
required  size,  simply  to  be  on  the  safe  side. 

2  This  condition  was  not  due  to  ignorance  on  the  part  of  designers 
or  inability  to  apply  engineering  data,  but  to  the  fact  that  such  data 
did  not  exist  or  were  not  public  property  when  they  did  exist. 
Further,  there  was  no  inducement  for  the  machine  tool  builder  to 
spend  time  and  money  collecting  data,  when  the  tools,  as  built,  filled 
all  requirements  to  a  reasonable  extent. 

3  This  condition  ceased  to  be  satisfactory  with  the  coming  of 
the  electric  motor  into  the  field  of  the  machine  tool  builders.  At 
first  the  wildest  and  most  varied  guesses  were  made  as  to  the  size  of 
motor  required  to  drive  a  certain  tool.  One  builder  would  supply 
his  machine  with  a  2^  h.p.  motor,  while  another  would  equip  the  same 
size  and  style  of  machine  with  a  15  h.p.  motor.  This  chaos  was 
made  worse  by  the  fact  that  most  purchasers  of  motor-Klriven  tools 
would  specify  the  size  of  motor  to  drive  the  machine.  One  user 
would  condemn  the  machine  tool  builder  because  the  10  h.p.  motor 
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was  entirely  too  small  and  the  next  one  because  a  5  h.p.  motor  was 
much  too  large,  for  the  same  machine. 

4  This  brought  before  the  machine  tool  builder  the  fact  that  a 
machine  was  not  always  used  to  its  full  capacity,  and  was  some- 
times badly  overloaded.  In  sheer  self-defense  the  machine  builder 
was  compelled  to  determine  for  himself  the  proper  size  motor  to  be 
put  on  his  machine,  and  he  began  to  make  tests  and  collect  data. 
Crude  as  most  of  these  tests  were,  they  laid  the  foundation  for  a 
reasonable  method  of  machine  tool  design. 

5  Before  some  semblance  of  order  was  created  out  of  this  chaos, 
a  second  disturbing  factor  made  itself  felt:  high  speed  steel. 

MEASURE    OF    MACHINE    TOOL    PERFORMANCE 

6  The  first  attempt  of  the  machine  tool  builders  was  to  determine 
the  proper  size  of  motor  for  a  given  tool.  The  difficulty  they  met 
was  to  determine  when  a  thing  was  proper.  The  substitution  of 
a  motor  for  a  belt  was  not  the  simple  matter  it  looked.  For  years 
past  machine  tool  designers  almost  uniformly  credited  a  double  belt 
with  a  pulling  power  of  50  lb.  per  inch  width.  Tests  showed  that  a 
belt  would  do  twice  and  even  three  times  as  much,  though  this  was 
bad  practice  as  far  as  the  belt  itself  was  concerned.  Another  factor 
in  the  calculation  of  the  horsepower  was  the  speed  of  the  belt;  but 
what  was  the  speed,  when  the  cone  had  four  or  more  steps  and  the 
countershaft  two  or  more  speeds?  And  even  if  the  belt  power  could 
be  calculated,  was  this  the  proper  power  for  the  machine?  Would 
the  machine  stand  all  that  the  belt  would  stand?  Or  again,  was  the 
driving  power  all  the  machine  would  stand?  In  other  words,  was 
there  a  proper  relation  between  Power  and  Rigidity? 

7  This  showed  the  necessity  of  establishing  some  standard 
which  would  be  a  measure  for  the  performance  of  the  machine,  a  basis 
for  calculating  the  size  of  motor  or  other  source  of  driving  power, 
and  a  gage  to  which  the  different  functional  parts  of  the  machine 
could  be  proportioned.  At  first  the  pressure  at  the  tool  point  was 
taken  for  this  standard.  A  lathe  would  be  specified  as  able  to  de- 
velop and  stand  a  pressure  at  the  tool  point  of,  say,  6000  lb.;  a  planer 
was  to  have  a  pull  at  the  table  of  20  000  lb.,  etc. 

8.  This  might  have  been  a  good  standard  if  it  were  possible  to 
determine  the  pressure  on  an  ordinary  machine.  Tests  were  made 
to  find  the  pressure  required  for  various  cuts,  but  these  tests  required 
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a  special  arrangement  of  tool  post  and  could  not  be  taken  without 
njodifying  the  construction  of  the  machine.  Ebcperiments  showed 
marked  differences  in  horse  power  required  to  produce  a  given  pres- 
sure at  the  tool  post  for  a  given  speed  of  the  work;  in  other  words, 
the  efficiency  of  a  machine  of  given  type  and  size  was  by  no  means 
a  constant.  This  was  no  surprise,  of  coiu^e,  but  had  been  overlooked 
in  some  unaccountable  way.  In  fact,  it  is  being  overlooked  even 
now,  and  the  idea  seems  to  be  abroad  that  each  type  of  machine  has 
its  constant,  expressing  the  ratio  between  energy  delivered  to  the 
machine,  and  useful  work  done  by  it. 

9  The  difficulty  of  determining  the  pressure  at  the  tool  post 
required  for  a  given  cut  led  to  the  fairly  general  adoption  of  another 
standard,  the  amount  of  metal  removed  per  minute.  The  whole 
matter  is  still  in  an  unsettled  condition.  Specifications  for  machine 
tools  calling  for  a  guaranteed  output  are  by  no  means  general,  but 
the  general  tendency  seems  to  be  in  this  direction.  It  is  customary 
nowadays  to  call  the  buyer's  attention  to  the  size  of  driving  pulley 
and  width  of  belt  and  to  the  gear  ratio,  rather  than  to  the  output  of 
the  machine.  This  is  misleading.  Even  if  actual  belt  power — ^that  is, 
the  product  of  belt  width  and  belt  speed — were  given,  instead  of  size 
of  "belt,  this  would  not  indicate  the  capacity  of  the  machine  for 
removing  metal;  while  gear  ratio  has  absolutely  no  significance  except 
to  indicate  the  reduction  in  speed  which  one  can  obtain  in  a  certain 
machine.  It  may  be  possible  that  some  day  in  the  future,  machine 
tool  builders  will  adopt  a  set  of  rules  by  which  to  indicate  the  capacity 
of  a  machine,  and  the  first  item  would  doubtless  be  the  amount  of 
metal  removed  per  minute. 

10  Though  numerous  tests  have  been  made  as  to  performance 
of  machine  tools,  they  have  been  confined  almost  exclusively  to 
lathes.  All  other  machines  seem  to  have  been  considered  as  follow- 
ing the  lathe  in  cutting  characteristics. 

SPECIFICATIONS    OP    MILLING    MACHINE    TESTS 

11  When  the  Cincinnati  Milling  Machine  Company  intrusted 
me  with  the  design  of  their  line  of  horizontal  and  vertical  high 
power  millers,  I  found  available  a  great  mass  of  valuable  data  col- 
lected during  the  existence  of  this  firm,  but  in  order  to  start  with  a 
clean  slate  and  unhampered  by  past  experiences,  I  disregarded  for 
the  time  being  all  these  as  well  as  all  other  data  within  my  reach. 
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12  The  main  points  to  be  settled  were : 

a  How  much  metal  shall  a  machine  of  given  size  be  capable 

of  removing? 
b  How  much  power  is  required  for  this  work  on  existing 

machines? 
c  Is  it  possiWe  to  improve  on  the  efficiency  of  present  machines 

and  still  produce  a  commercially  successful  machine? 
d  How  much  power  is  required  for  the  feed? 
e  What  is  the  efl^ciency  of  the  feed  mechanism? 

13  The  first  question  was  a  point  to  be  decided  by  the  sales  man> 
ager  rather  than  by  the  engineer,  as  it  was  greatly  a  matter  of  com- 
petition. As  is  quite  usual  in  the  design  of  a  new  line  of  machines, 
the  desired  capacity  was  placed  somewhat  higher  than  that  of  other 
makes  of  similar  machines.  The  customary  method  is  to  increase 
the  size  of  drivingpulleysorbelt,or  the  gear  ratio,  or  any  combination 
of  these  elements.  This  was  not  deemed  advisable,  for  two  reasons. 
In  the  first  place,  nothing  was  to  prevent  competitors  from  going  still 
further  in  this  matter  and  so  securing  a  seeming  advantage  in  the 
sale  of  their  machines  without  sacrificing  an3rthing  but  a  few  pounds 
of  cast  iron.  In  the  second  place,  the  purchaser  of  the  machine  is 
not  interested  in  the  amount  of  power  which  he  can  feed  into  the 
machine,  but  rather  in  the  power  of  the  spindle  end,  which  to  him 
is  the  business  end  of  the  machine.  There  can  be  no  doubt  but  that 
it  is  better  for  the  user  of  the  machine  if  he  can  take  a  given  cut  with 
less  belt  or  motor  power.  Not  only  does  he  save  in  power,  but  this 
power  saved  is  power  which  would  otherwise  have  been  used  to  wear 
or  destroy  the  machine. 

14  To  determine  how  much  power  was  required  to  remove  a 
given  amount  of  metal,  tests  were  made  on  various  makes  of  machines. 
The  metal  to  be  cut  was  in  all  cases,  both  in  these  tests  and  in  those 
to  be  described  later,  steel  of  the  following  specifications: 

Combined  carbon 0. 16    pe-  cent 

Silicon 0.008  per  cent 

Manganese 0 .  51    per  cent 

Phosphorus 0.086  per  cent 

Sulphur 0.041  per  cent 

Tensile  strength  per  square  inch 52378  lb. 

Limit  of  elasticity ..'. 30313 

Elongation  per  cent  of  length 50  per  cent 

Per  cent  reduction  of  area 54  per  cent 


Digitized  by  VjOOQIC 


TESTS   OF   MILLING   MAGHINBS  AND   CUTTERS  841 

15  The  test  blocks  used  were  18  in.  long,  5^  in.  wide  and  5^  in. 
thick.  The  ends  were  milled  in  to  provide  means  for  holding  the 
block  on  the  table  of  the  milling  machine.  In  all  tests  a  spiral  cutter 
with  nicked  teeth  was  used,  3^  in.  in  diameter,  6  in.  face,  and  for  a 
li  in.  arbor.  The  cutter  was  driven  by  a  key,  and  made  of  high  speed 
steel  by  the  Union  Twist  Drill  Company  of  Athol,  Mass.  All  tests 
were  made  by  driving  the  machine  by  an  electric  motor,  belted  to 
the  machine.  The  object  was  to  have  all  conditions  as  near  as  pos- 
sible to  those  under  which  the  majority  of  milling  machines  have  to 
run,  the  only  difiference  being  that  the  belt  was  nearly  horizontal 
instead  of  vertical.  In  testing  the  efficiency  of  machines  in  this  way 
the  belt  must  be  considered  part  of  the  machine.  The  power  con- 
sumed was  ascertained  by  reading  of  ammeter  and  voltmeter,  and 
the  amount  of  metal  removed  by  measuring  width  and  depth  of  cut 
and  the  amount  of  feed  per  minute.  The  amount  of  feed,  as  indi- 
cated on  the  index  plate  of  annulling  machine,  is  generally  an  approxi- 
mation, near  enough  for  every  day  work  but  not  for  a  test.  The 
actual  amoimt  of  feed  was  therefore  computed  from  the  gearing.  In 
case  the  feed  is  a  function  of  the  spindle  speed,  that  is,  if  the  feed  is 
expressed  in  thousandths  of  an  inch  per  revolution,  the  feed  per 
minute  depends  on  the  number  of  revolutions  per  minute  of  the 
spindle  as  well  as  on  the  amount  of  feed  per  revolution.  The  exact 
number  of  revolutions  of  the  spindle  at  normal  motor  speed  was  deter- 
mined by  computing  the  gear  ratio  and  pulley  ratio.  As  pulley  diam- 
eter the  diameter  of  the  pulley  plus  thickness  of  belt  was  taken.  This 
computation  would  give  the  spindle  speed  at  rated  motor  speed  and 
without  belt  slippage.  For  this  reason  the  speed  of  the  first  driving 
shaft  of  the  machine  was  determined  by  the  tachometer  at  each  test. 
All  readings  were  taken  simultaneously.  The  number  of  revolutions 
of  spindle  an(i  the  feed  per  minute  were  corrected  according  to  the 
tachometer  reading. 

16  Where  the  feed  of  the  machine  was  independent  of  the  spindle 
speed,  that  is,  taken  off  a  constant  speed  shaft,  and  therefore  ex- 
pressed in  inches  per  minute,  the  same  correction  was  made,  as  the 
amount  of  feed  and  therefore  the  amount  of  metal  removed;  here 
again  was  a  function  of  the  speed  of  the  first  driving  shaft. 

17  These  preliminary  tests  showed  considerable  differences  in 
the  efficiency  of  different  makes  of  machines,  that  is,  one  machine 
would  cut  considerably  more  material  than  another  for  a  given 
amount  of  horsepower  developed  by  the  motor.  They  also  showed 
that  the  efficiency  of  all  machines  was  relatively  low  as  compared 
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to  the  lathe.  This  latter  might  have  been  expected  considering  the 
nature  of  the  cutting  tool.  As  the  main  problem  in  a  baachine  shop 
is  not  to  save  power,  but  to  get  the  greatest  possible  output,  this  lack 
of  efficiency  cannot  be  held  up  against  the  milUng  machine  as  a  type, 
for  its  other  peculiarities  make  it  highly  efficient  as  a  producer  of 
work.  The  fact  that  one  make  is  so  much  more  efficient  than  an- 
other is  of  great  importance,  however.  It  shows  that  the  less  efficient 
machines: 

a  Use  a  needlessly  large  amount  of  power. 

b  Have  less  capacity  than  they  might  have  for  removing 

metal. 
c  Use  a  large  amount  of  power  constantly  for  the  purpose  of 

breaking  down  the  machine. 

18  It  follows  that  it  should  be  the  aim  of  the  designer  to  produce 
a  machine  of  the  highest  possible  efficiency  as  a  power  transmitter, 
because 

a  This  insures  economical  use  of  power. 
b  It  increases  the  capacity  of  the  machine. 
c  It  insures  long  life  and  freedom  from  repairs. 

19  This  high  efficiency  requirement  stands  by  itself.  It  must 
be  supplemented,  however,  by  other  good  features,  such  as  conveni- 
ence, etc.  This  paper  deals  with  the  efficiency  problem  only,  and 
that  only  so  far  as  to  show  results  obtained,  rather  than  the  means 
by  which  they  were  obtained.  It  may  be  stated,  however,  that  the 
main  features  aimed  at,  and  considered  essential  to  high  efficiency, 
were  the  following: 

a  Absence  of  combined  torsional  and  bending  stresses  in 
shafts. 

b  Absence  of  torsional  stresses  in  shafts  subjected  to  heavy 
loads. 

c  Moderate  gear  speeds. 

d  Moderate  shaft  speeds. 

e  Minimum  number  of  gears  in  action. 

/  No  gears  rotating,  which  are  not  required  for  the  trans- 
mission. 

g  Tumbler  bearing  anchored  solidly,  and  not  merely  hung 
from  a  lever. 

h  Pulley  shaft  relieved  of  belt  pull. 
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There  was  nothing  radical  or  revolutionary  in  these  points,  but  it 
was  thought  that  strict  adherence  to  well  known  principles  should 
give  the  best  obtainable  results. 

20  More  complete  tests  were  made  after  the  line  of  high  power 
millers  was  developed  and  completed.    These  tests  were  of  three  kinds : 

a  Tests  determining  the  amount  of  metal  removed  per  horse 

power. 
b  Tests  determining  the  efficiency  of  the  feed  mechanism. 
c  Tests  determining  the  efficiency  of  the  driving  mechanism. 

21  Three  makes  of  machines  were  used,  the  new  style  Cincinnati 
High  Power  Miller,  and  two  other  makes,  which  for  obvious  reasons 
cannot  be  named  here,  and  will  be  indicated  by  B  and  C.  The  sizes 
compared  were  the  B  No.  4  Plain,  C  No.  3  Plain,  and  Cincinnati  No.  3 
and  No.  4  Plain,  which  will  hereafter  be  indicated  by  the  symbols 
3-A  and  4-A. 

POWER    REQUIRED    TO    REMOVE    METAL 

22  The  same  motor  and  belt  were  used  for  all  cutting  tests.  A 
series  of  tests  was  made  with  a  depth  of  cut  of  ^  in.,  J  in.,  ^  in., 
{  in.  and  |  in.  This  complete  test  was  repeated  four  times.  The 
cutter  was  sharpened  in  the  ordinary  way  before  starting  a  com- 
plete series  of  tests,  and  not  resharpened  during  the  test.  The 
same  cutter,  resharpened,  was  then  used  for  the  next  machine. 

23  For  each  depth  of  cut  a  number  of  different  feeds  were  used. 
In  all  cases  the  even  feeds  were  used  starting  with  the  second  (next 
to  the  lowest)  and  increasing  thus:  2d,  4th,  6th,  8th,  10th,  etc.,  up 
to  the  highest  feed.  It  was  of  course  impossible  to  go  through  the 
entire  series  with  the  deeper  cuts,  as  the  belt  would  slip  before  the 
last  feed  was  reached.  This  slippage  of  the  belt  was  at  all  times  the 
end  of  the  test  for  that  depth,  except  where  the  entire  scale  of  feeds 
could  be  used.  Readings  were  taken,  when  the  belt  slipped,  but 
these  readings  were  not  used  in  plotting  curves.  They  served  as  a 
check  on  the  belt  tension.  It  was  found  that  the  ammeter  readings 
gradually  increased  from  the  first  to  the  fourth  series.  This  was 
probably  due  to  the  gradual  dulling  of  the  cutter. 

24  In  plotting  the  curves,  the  test  readings  were  first  corrected: 
the  power  readings  by  means  of  the  efficiency  chart  of  the][[motor; 
the  amount  of  metal  for  loss  of  speed  of  the  machine.  The  curve  as 
plotted  is  the  curve  of  the  average  value  of  powers.     Where  the 
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curve  shows  an  amount  of  metal  removed  of  say  5^  cu.  in.  per  minute 
this  amount  may  be  due  to  a  depth  of  cut  of  ^  in.  and  a  feed 
of  16  in.  or  to  depth  of  cut  of  i  in.  and  a  feed  of  8  in.,  or  perhaps  a 
depth  of  cut  of  i  in.  and  a  feed  of  4  in. 
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25  The  amount  of  power  required  to  remove  a  ^ven  amount  of 
metal  varied  with  the  speed,  depth  of  cut  and  feed  per  minute,  and 
seems  to  have  a  tendency  to  the  minimum  when  the  section  of  the 
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Fig.  3   Work  op  1  h.p.  Min.  Measured  in  Cubic  Inches  op  Metal  Removed. 
Cutting  Speed  45  Fr.  per  Minute,  Feed  Increasinq 

chip  removed  per  tooth  approaches  most  nearly  a  perfect  square. 
Pig.  1,  2,  3,  4,  5,  and  6  show  curves  giving  relation  between  power 
required  and  metal  removed  under  different  conditions  of  speed, 
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feed  and  depth  of  cut.  They  are  partly  derived  from  the  tests 
described,  and  partly  from  tests  made  for  the  special  purpose  of  ascer- 
taining these  relations.    The  fact  that  the  power  required  changes 
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with  these  conditions  of  feed,  speed  and  depth  of  cut  made  it  impos- 
sible to  plot  a  single  curve  giving  the  relation  between  the  power  and 
the  metal  removed.    Besides,  the  same  speeds  and  feeds  obtainable  on 
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Fig.  6    Work  op  1  h.p.  Minute  Measured  in  Cubic  Inches  of  Metal 
Removed,  Cutting  Speed  Increasing 

one  machine  were  not  obtainable  on  another.  And  again,  the  amount 
of  slippage  or  slowing  down  of  the  machine  was  not  always  the  same  for 
the  same  amount  of  metal  removed.    For  this  reason  the  averages  have 
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been  plotted,  and  these  averages  were  obtained  for  the  various  machines 
in  substantially  the  same  manner.  The  curves  were  extended  to 
the  zero  point,  but  the  high  point  of  all  curves  is  the  actual  highest 
average  obtained,  so  that  in  a  certain  sense  the  curves  also  show 
the  comparison  of  the  greatest  possible  capacity  of  these  machines. 
This  should  be  taken  as  significant,  however,  only  when  remembering 
the  conditions  under  which  the  machines  were  tested,  and  then  only 
as  a  measure  for  the  maximum  driving  power. 

26  No  part  of  the  A  machines  showed  undue  stress  during 
the  test.  The  B  machine  was  strained  in  feed  and  drive  parts,  but 
showed  sufficient  rigidity  in  its  other  parts,  while  the  C  machine 
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Fig.  7    Cutting  EmciBNCY  Curves 

was  apparently  in  distress.  It  is  only  fair  to  say  that  all  three  ma- 
chines were  worked  up  to  a  limit  far  beyond  what  they  would  be 
called  upon  to  do  in  daily  operation.  It  goes  to  show,  however,  how 
utterly  foolish  it  would  be  to  furnish  these  machines  with  larger 
pulleys  or  wider  belts  for  the  purpose  of  giving  them  more  capacity, 
as  they  can  do  much  more  work,  even  with  their  present  pulleys  and 
belts,  than  some  of  the  other  parts  will  permit.  Multiplying  the 
product  of  belt  width  and  speed  and  calling  this  100  for  the  4-A 
machine,  then  the  corresponding  product  for  B  No.  4  is  144.  Calling 
this  same  product  100  again  for  No.  3- A,  the  corresponding  product 
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for  the  C  No.  3  machine  is  154.  This  shows  clearly  again  the  small 
value  to  the  buyer  of  the  size  of  driving  pulley  or  belt  power, 
and  once  more  shows  the  necessity  for  machine  tool  builders  to  come 
to  some  mutual  understanding  as  to  what  should  be  their  selling 
guarantee  in  regard  to  power. 

27  Fig.  7  shows  the  curves  obtained,  the  abscissae  being  the  num-j 
ber  of  horse  powers  net  and   the  ordinates  the  number  of  cubic; 

•inches  of  metal  removed  per  minute.  ! 

i 

POWER    REQUIRED    FOR    FEED    MECHANISM  \ 

28  Tests  made  by  the  Cincinnati  Milling  Machine  Company,  as 
well  as  by  other  concerns  engaged  in  the  manufacture  of  milling' 
machines,  had  shown  that  a  considerable  amount  of  power  is  required; 
for  the  feed  drive  of  a  column  and  knee  type  of  machine.  It  was' 
found  that  as  much  as  40  per  cent  of  the  total  power  applied  might 
have  to  be  used  for  the  feed  alone:  and  that  this  could  amount 
to  as  much  as  3^  h.p.  on  a  No.  4  machine.  Inasmuch  as  I  did  not 
conduct  any  of  these  tests  and  do  not  know  all  of  the  conditions 
under  which  they  were  made,  I  do  not  feel  that  I  can  present  the 
results.  The  main  result,  however,  as  far  as  I  was  concerned,  was 
the  fact  that  they  made  me  give  very  careful  consideration  to  the 
feed  mechanism.  If  3^  h.p.  is  used  for  the  feed,  and  if  that  feed 
is  20  in.  per  minute  (the  highest  feed  found  on  a  modern  milling 
machine),  then  the  pressure  against  the  cutter  must  be 

3J^30()0X12^^^ 
20 

if  there  are  no  losses  in  transmission.  Further,  it  is  not  likely  that 
the  greatest  amount  of  horse  power  is  required  for  the  feed  at  its 
maximum  number  of  inches  per  minute.  It  is  more  probable  that 
the  maximum  of  feed  power  is  used  for  10  in.  feed  or  less  per  minute, 
in  which  case  the  pressure  would  be  in  the  neighborhood  of  140  000  lb. 

29  A  machine  using  6  h.p.  net  for  the  drive  alone  (that  is,  u'^ing 
6  h.p.  at  the  cutter)  would  require  about  8  h.p.  at  the  pulley  for  the 
drive  alone,  and  therefore  a  total  of  llj  h.p.  for  drive  and  feed  under 
conditions  of  feed  mentioned  above.  This  is  quite  a  respectable 
amount  for  a  No.  4  machine.  Assuming  the  cutting  speed  to  be  40 
ft.,  the  pressure  at  the  circumference  of  the  cutter  must  b§ 

6  X  33  000^  4950  j^, 
40 
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and  this  must  also  be  the  approximate  pressure  against  the  table 
screw  instead  of  140  000  lb.  Of  course  all  these  figures  are  assumed, 
but  they  illustrate  the  computations  which  led  up  to  the  second  line 
of  experiments  to  be  described  here. 

30  In  order  to  determine  the  efficiency  of  the  feed  mechanism,  the 
amount  of  power  used  was  measured,  as  well  as  the  amount  of  work 
done  by  the  table.  As  the  amount  of  power  required  varied  widely, 
and  it  would  be  impossible  therefore  to  obtain  an  efficiency  chart 
for  some  small  motor,  covering  the  entire  range  of  powers  used,  the 
idea  of  using  an  individual  motor  for  the  feed  alone  was  abandoned. 
Instead  the  same  motor  was  used  as  had  been  used  for  other  tests. 
The  efficiency  of  this  motor  was  not  known  below  i  load.  It  was 
then  necessary  to  provide  an  artificial  and  constant  load  for  the 
motor.  For  this  purpose  the  square  box  shown  in  Fig.  8  was  mounted 
on  the  spindle  arbor.  It  had  a  paddle  inside  and  a  number  of  ob- 
structions which  made  the  required  resistance  for  the  water  in  the 
box.  By  increasing  the  amount  of  water  in  the  box,  and  by  giving 
the  paddle  various  speeds,  any  load  could  be  produced  within  the 
range  of  the  apparatus,  and  this  load  was  constant.  The  box  was 
kept  from  rotating  by  resting  against  the  overarm  of  the  machine. 
The  dead  load  was  adjusted  until  it  came  within  the  efficiency  curve 
of  the  motor.  The  part  of  the  apparatus  used  for  measuring  the 
work  done  by  the  table  consisted  of  a  dynamometer,  graduated  and 
calibrated  up  to  8000  lb. 

31  One  end  of  this  dynamometer  was  attached  to  the  table  of 
the  milling  machine.  A  chain  at  the  other  end  of  the  instrument 
was  wrapped  around  a  drum  which  was  mounted  on  a  brake  of  the 
Weston  type.  An  arm,  mounted  on  the  brake  casing  and  visible 
in  the  drawing  had  at  one  time  been  used  to  determine  the  efficiency 
of  the  driving  mechanism  but  was  not  used  in  this  experiment,  ex- 
cept to  form  an  abutment  for  the  brake.  The  brake  itself  was  used 
only  as  a  safety  device,  being  set  at  sufficient  pressure  for  the  test, 
but  not  enough  to  wreck  the  machine.  It  had  been  intended  ori^- 
nally  to  set  the  brake  for  a  certain  pressure  and  to  have  the  table 
feed  under  this  pressure  for  some  length  of  time,  but  it  was  found 
that  the  brake  was  too  jerky  in  its  action.  The  mode  of  working  was 
therefore  changed  and  the  test  was  carried  out  as  follows:  All  even 
feeds  were  taken,  beginning  with  the  second  lowest  and  going  up  to 
the  highest.  For  each  feed  the  following  pressures  were  selected: 
1000,  2000,  3000,  4500  and  6000  lb.  The  entire  series  was  repeated 
once  if  nothing  happened  to  spoil  the  test.     If  something  happened 


Digitized  by  VjOOQIC 


850 


TESTS  OF  MILLING   MACHINES   AND   CUTTERS 


to  disturb  the  proceedings,  or  if  something  had  to  be  readjusted, 
then  the  entire  result  of  the  test  was  dropped  and  no  curve  was 
plotted  until  two  complete  series  of  tests  were  made  without  inter- 
ruption. A  sensitive  ammeter  reading  -^  amperes  was  used.  The 
tachometer  served  again  to  take  the  speed  of  the  first  driving 
shaft,  and  all  corrections  were  made  as  in  the  test  previously 
described.  With  a  given  feed,  an  entire  series  of  pressures  was  gone 
through,  after  which  the  amount  of  feed  was  changed  for  the  new 
series,  etc. 

32    Before  taking  a  series  of  readings,  the  feed  mechanism  was 
disconnected  to  get  the  reading  of  the  dead  load.     Another  reading 
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Fig.  9    Feed  Efpiciency  Curves 


of  the  dead  load  was  taken  after  each  series  of  readings  was  com- 
pleted: that  is,  after  all  the  different  pressures  had  been  used  for  one 
single  feed.  One  observer  took  the  readings  of  the  tachometer;  an- 
other of  the  ammeter;  a  third  of  the  dynamometer;  and  a  fourth 
was  stationed  at  the  feed  starting  lever.  The  observer  of  the 
dynamometer  watched  his  instrument  until  the  pointer  reached  the 
proper  figure,  when  he  would  call  out  sharply.  At  this  moment  all 
readings  were  taken  and  the  feed  disconnected.  Several  preliminary 
tests  were  made  to  see  if  the  readings  could  be  duplicated  in  this 
fashion,  and  it  was  found  to  be  very  easy  to  do  so.  The  rise  in  the 
ammeter  readings  was  gradual,  and  allowed  the  observer  to  take 
the  correct  r^».ding  every  time  within  a  tenth  of  an  ampere.    If  there 
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was  any  drop  in  the  speed  of  the  machine,  this  drop  was  also  very 
gradual,  permitting  the  tachometer  readings  to  be  easily  duplicated. 
The  only  point  not  so  easily  duplicated  was  the  reading  of  the  dyna- 
mometer, especially  at  the  faster  feeds.  It  often  happened  that  the 
feed  pressure  would  go  somewhat  beyond  the  pressure  intended,  but 
the  dynamometer  did  not  change  its  position  when  the  feed  was 
thrown  out;  so  the  observer  could  take  his  reading  at  leisure,  the 
only  difference  being  that  instead  of  having  to  plot  for  say  2000  lb. 
the  curve  might  have  to  take  care  of  2100  lb. 

33  Fig.  9  shows  the  curves  of  average  values  plotted  from  these 
readings,  in  which  each  ordinate  is  the  average  of  the  ordinates  cor- 
responding to  a  certain  amount  of  feed.  The  results  of  these  tests 
justify  again  the  precautions  taken  to  obtain  an  efficient  feed  mech- 
anism in  the  new  line  of  milling  machines.  It  may  be  mentioned 
here  that  these  precautions  consisted  in  avoiding  idle  nmning  gears, 
high  gear  velocities,  combined  torsional  and  bending  stresses  in 
shafts,  and  ill  supported  and  floating  bearings,  and  above  all,  in  the 
use  of  quick  pitch  screws. 

34  The  importance  of  a  higher  efficiency  in  the  feed  gearing 
cannot  be  over-estimated.  It  may  seem  that  20  per  cent  efficiency 
is  still  so  low  that  it  makes  little  difference  whether  it  is  this  amount 
or  something  else.  It  may  seem  at  a  first  glance  that  it  is  of  little 
importance  to  the  user  whether  80  per  cent  or  90  per  cent  of  the  feed 
power  is  lost  in  transmission.  But  a  more  careful  look  at  this  prob- 
lem shows  the  importance  of  high  efficiency  very  clearly.  If  3  h.p. 
out  of  10  are  used  for  feed  on  a  machine  of  which  the  feed  efficiency 
is  10  per  cent,  then  0.3  h.p.  is  actually  used  for  this  feed.  If  10  h.p. 
are  used  for  the  entire  machine — that  is,  for  feed  and  drive — then  7 
h.p.  are  left  for  the  spindle  drive  alone,  and  therefore  the  amoxmt 
used  for  feed  is  *  of  the  amount  used  for  the  spindle  drive.  With 
a  machine  having  a  feed  efficiency  of  20  per  cent,  or  twice  as  much, 
the  amount  of  power  used  for  the  feed  will  be  A  of  the  amount  of 
power  used  for  the  spindle  drive  alone,  or  ^  of  the  total  amount  used 
for  the  machine.  If  this  amount  is  10  h.p.  again,  then  the  amount 
used  for  the  feed  will  be  1.76  h.p.  as  against  3  h.p.  in  the  first  ma- 
chine; and  the  amount  left  for  spindle  drive  will  be  8.24  as  against 
7  h.p.  in  the  first  machine,  giving  an  increased  spindle  power  of  18 
per  cent  available  for  cutting.  Of  the  3  h.p.  used  by  the  first  machine 
for  the  feed  alone,  0.3  h.p.  is  usefully  employed,  while  the  remaining 
2.7  h.p.  are  employed  to  wear  down  the  feed  mechanism  and  destroy 
the  machine.     Of  the  1.76  h.p.  used  for  feed  in  the  second  machine. 
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20  per  cent  or  0.352  h.p.  is  usefully  employed,  whereas  the  remainder 
or  1.41  h.p.  is  used  destructively.  It  will  be  seen  therefore  that  the 
power  used  to  break  down  the  machine  is  almost  twice  as  great  in 
the  first  machine  as  it  is  in  the  second. 

TESTS    UPON    EFFICIENCY    OF    DRIVING    MECHANISM 

35  The  third  series  of  tests  relates  to  the  efficiency  of  milling 
machines  as  power  transmitting  devices:  that  is,  the  ratio  of  input 
and  output  of  power.  Some  preliminary  tests  were  made  by  observ- 
ing the  power^at  the  spindle  by  means  of  an  absorption  brake  of  the 
Weston  type;  in  fact,  the  same  brake  as  illustrated  in  Fig.  8.  This 
gave  fairly  good  results  at  the  higher  speeds,  the  torque  being  small; 
but  at  the  lower  speeds  and  with  greater  torque  the  action  of  the 
brake  became  jerky  and  it  was  practically  impossible  to  obtain  reli 
able  readings.  For  this  reason  the  tests  were  carried  on  with  the 
apparatus  shown  in  Fig.  10. 

36  This  consisted  of  two  machines  of  the  same  type,  make  and 
size — namely,  Cincinnati  No.  4  High  Power  Miller — placed  opposite 
each  other  and  connected  by  a  stout  shaft.  The  feed  works  were 
removed,  as  were  also  knee,  saddle  and  table,  so  that  nothing  was 
left  but  the  bare  frames  and  driving  works.  The  machines  were 
placed  with  the  spindles  approximately  in  line.  A  flange  was  screwed 
to  the  nose  of  each  spindle;  each  flange  was  provided  with  a  tongue 
engaging  the  groove  in  the  similar  flange  opposing  it,  and  keyed  to 
the  stout  connecting  shaft.  There  was  plenty  of  clearance  between 
tongue  and  groove  and  also  endwise  so  that  the  connection  could 
behave  as  a  universal  joint  shaft  in  case  the  spindles  were  not  exactly 
in  line.  It  must  be  remarked  here  that  the  motion  in  this  universal 
joint  shaft  was  exceedingly  small.  Flat  pieces  of  steel  bolted  to 
the  first  mentioned  flange  prevented  the  connection  from  coming 
apart.  One  of  the  machines  was  driven  by  a  motor  while  the  other 
drove  a  generator.  The  current  thus  generated  was  dissipated  in 
a  water  rheostat,  by  means  of  which  the  amount  of  current  could  be 
closely  regulated.  There  was  a  set  of  electric  instruments  for  motor 
and  generator  each,  so  that  all  readings  could  be  taken  simultaneously. 
Both  machines  were  driven  by  belts.  A  tachometer  was  used  to 
determine  if  one  of  the  belts  slipped  excessively.  If  the  generator 
voltmeter  showed  considerable  drop  and  the  tachometer  showed 
about  the  proper  speed  at  the  first  driving  shaft  of  the  first  machine 
(motor  machine)  then  the  belt  to  the  generator  must  have  slipped. 
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If  however  the  tachometer  showed  a  drop,  then  the  belt  from  the 
motor  to  the  first  machine  must  have  slipped. 

37  The  speed  controlling  levers  of  both  machines  were  always  in 
corresponding  positions — that  is,  both  were  set  for  the  same  speed,  so 
that  at  whatever  speed  the  spindle  was  running,  both  driving  pulleys 
were  always  running  at  the  same  speed,  and  that  is  the  speed  at  which 
they  are  supposed  to  run  under  working  conditions.  Different  sets  of 
readings  were  taken.  In  one  set  the  current  consumed  was  kept  at 
as  near  125  amperes  as  possible.  In  another  set  this  amount  was 
100  amperes;  in  still  another,  80,  and  in  the  fourth,  70.  Each  set 
of  tests  was  carried  out  over  a  number  of  speeds,  namely,  the  lowest, 
third,  fifth,  etc.,  up  to  the  highest  but  one.  After  correcting 
the  motor  reading  for  motor  efficiency  and  generator  reading  for  gen- 
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Fig.  11    Efficiency  Curvbs  of  No.  4  Cincinnati  High  Power  Miller 

erator  efficiency,  the  quotient  of  the  corrected  readings  gives  the 
product  of  the  efficiencies  of  the  two  machines. 

38  It  would  be  proper  to  consider  the  two  machines  as  of  equal 
efficiency  if  the  conditions  of  load  were  the  same,  for  these  tests  did 
not  attempt  to  establish  the  efficiency  of  an  individual  machine,  but 
of  a  type  of  machines,  and  this  could  best  have  been  done  by  submit- 
ting a  great  number  of  these  machines  to  individual  efficiency  tests 
and  taking  the  average  of  the  results.  It  is  therefore  plain  that  a 
better  result  will  be  obtained  by  considering  at  once  the  two  machines 
as  having  the  same  efficiency  than  by  attempting  to  determine  their 
individual  characteristics.  It  was  said  that  it  would  be  proper  to 
do  so  if  the  conditions  of  load  were  the  same  for  both  machines,  but 
this  did  not  seem  to  be  the  case.    The  load  was  the  same  only  at 
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the  spindle  noses.  From  there  on  and  up  to  the  driving  pulley  the 
load  increased  in  the  first  and  diminished  in  the  second  machine. 
The  efficiency  of  the  first  machine  is  made  up  of  the  efficiencies  of  its 
bearings,  shafts,  sets  of  mating  gears,  etc.  These  efficiencies  may  be 
called  el,  e2,  e3,  etc.  The  total  efficiency  of  the  first  machine  being 
E,  then  £  =  el  X  e2  X  e3,  etc.  Similarly,  taking  F  as  the  symbol 
of  the  efficiency  of  the  second  machine,  then  F  =  /I  X  /2  X  /3,  etc. 
The/'s  may  be  assumed  to  differ  from  the  e's  on  account  of  the  differ- 
ence in  load. 

39  It  was  found  however  on  taking  the  readings  that  there  was 
such  a  small  difference  in  efficiency,  whatever  the  load,  that  it  seems 
to  be  allowable  to  consider  the  efficiency,  as  practically  constant:  in 
which  case  the  efficiency  of  each  machine  equals  the  square  root 
out  of  output  divided  by  input.  The  curves  presented  in  Fig.  11 
are  based  on  this  assumption.  It  will  be  seen  that  the  efficiency  of 
the  machine  varies  from  67  up  to  79.7.  Various  tests  made  at  other 
times  have  shown  repeatedly  efficiencies  above  those  plotted  in  the 
curves,  but  it  was  not  thought  advisable  to  embody  them  in  these 
curves  as  there  were  not  enough  readings  to  make  a  complete  set 
and  the  use  of  these  isolated  readings  would  have  a  tendency  to 
disturb  the  effect  of  the  systematic  tests. 

EFFICIENCY    OF    CUTTERS    OF    DIFFERENT  TYPES 

40  The  milling  machine  is  not  essentially  less  efficient  as  a  power 
transmitter  than  any  other  machine  tool,  but  the  amount  of  metal 
removed  per  horse  power  per  minute  is  low;  much  lower  in  fact 
than  for  the  lathe  or  planer.  Were  it  not  for  other  properties  the 
miUing  machine  could  not  compete  with  either  of  these  two  ma- 
chines. It  is  fortunate  for  the  milling  machine  that  the  question 
of  power  consumption  is  of  minor  importance  in  considering  the  pur- 
chase of  machine  tools.  Still  it  cannot  be  denied  that  the  milling 
machine  would  be  esteemed  higher  if  its  power  consumption  could 
be  brought  down  to  the  level  of  the  lathe.  It  is  obvious  that  this 
cannot  be  done  by  increasing  the  efficiency  of  the  mechanism  as  the 
margin  is  not  large  enough  to  allow  of  any  material  improvement. 
Any  substantial  increase  of  efficiency  must  therefore  be  found  in 
improvements  of  the  cutting  tool.  With  this  consideration  in  mind, 
some  tests  were  made  as  to  the  power  required  to  remove  a  given 
amount  of  metal  with  different  styles  of  cutters.  These  tests  have 
not  been  carried  out  over  a  long  enough  period  or  with  a  large  enough 
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variety  of  cutters  to  give  absolutely  reliable  results,  yet,  incomplete 
as  they  were,  they  bring  out  in  a  startling  way  the  amount  of  im- 
provement that  may  be  made  in  this  direction. 

41  Cuts  made  with  a  spiral  cutter  with  nicked  teeth  showed  a 
best  efficiency  of  0.48  cu.  in.  of  metal  per  net  horse  power  per  minute, 
and  this  efficiency  was  obtained  only  in  a  few  isolated  cuts  and  with 
a  very  sharp  cutter.  Cuts  made  with  a  14  in.'  face  cutter  with  in- 
serted teeth  and  on  a  No.  4  Cincinnati  High  Power  Miller  showed 
a  production  of  0.64  cu.  in.  per  net  horse  power  per  minute,  an  increase 
of  33 J  per  cent  over  the  spiral  cutter.    This  result  confirms  the  gen- 
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Fig.  12     10-In.  16-Bladb  Cutter 


eral  belief  that  a  face  cutter  cuts  more  freely  than  a  spiral  cutter.  The 
teeth  of  this  face  cutter  were  radial,  as  it  is  customary  to  make  them. 
Tests  made  with  the  cutter  shown  in  Fig.  12  showed  an  efficiency 
of  0.96  cu.  in.  of  metal  per  net  horse  power  per  minute,  and  a  few 
isolated  cuts  even  higher.  This  is  an  improvement  of  100  per  cent 
over  the  spiral  cutter  and  50  per  cent  over  the  face  cutter  with  radial 
teeth.  The  cutter  shown  in  Fig.  13  showed  the  same  efficiency. 
Both  cutters  have  the  blade  set  tangent  to  a  circle  concentric  with 
the  cutter,  thus  giving  them  a  rake  angle  of  15  deg.  The  clearance 
was  7  deg.  The  points  of  the  cutting  blades  were  rounded  to  prevent 
injury  by  burning  or  chipping,  and  this  reduced  the  effective  rake 
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near  the  horizontal  tangent  to  this  curve.  It  was  for  this  reason 
that  the  blades  were  set  leaning  backward  as"  in  Fig.  13.  But  for 
this  curvature  at  the  point  of  the  blades,  the  simpler  construction  of 
Fig.  12  would  be  perfectly  satisfactory.  The  leaning  back  of  the 
blades  is  rather  a  refinement  than  a  necessary  improvement. 

42  It  should  be  borne  in  mind  that  the  tests  made  with  these 
cutters  were  made  on  a  vertical  machine  which  had  the  same  driving 
parts  as  a  horizontal  machine  of  the  same  size,  and  besides  an  addi- 
tional two  shafts  and  four  gears,  so  that  it  is  safe  to  say  that  its 
mechanical  efficiency  must  be  less  than  that  of  the  No.  4  horizontal 
machine  used  with  the  spiral  cutter  with  nicked  teeth.    The  action 


c^zzS'". 


Blade 


Fig.  13    8-In.  Inserted  Tooth  Cutter 

of  the  feed  on  a  machine  using  this  cutter  may  be  somewhat  different 
from  that  on  a  machine  using  spiral  cutters.  Whether  there  is  such 
a  difference  and  what  it  amounts  to  has  not  been  ascertained  by 
tests,  and  might  be  a  promising  field  to  explore.  The  fact  that,  gener- 
ally speaking,  the  face  cutter  with  rake  removes  double  the  amount 
of  metal  with  the  same  amount  of  power,  as  compared  to  the  spiral 
mill,  is  significant  and  places  the  vertical  machine  in  the  front  rank 
for  slabbing  work  wherever  it  is  possible  to  use  this  type.  Ek^ually 
significant  is  the  fact  that  a  cutter  with  rake  removes  50  per  cent 
more  metal  than  a  cutter  without  rake.  It  may  be  mentioned  here 
that  many  of  these  cutters,  especially  for  so-called  rotary  planers, 
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are  being  made  and  have  been  made  for  a  great  many  years  with  the 
teeth  leaning  backward  as  in  Fig.  13  but  without  rake;  the  makers 
and  users  apparently  believing  that  this  leaning  constitutes  rake. 

43  I  regret  that  the  requirements  of  patent  laws  do  not  permit 
me  at  the  present  date  to  describe  a  spiral  cutter  and  a  face  cutter 
built  on  different  principles,  which  have  been  tested  as  to  their 
efficiency.  It  may  be  of  some  interest  however  to  know  that  a  great 
number  of  cuts  have  been  taken  with  these  cutters  showing  removal 
of  1.14  cu.  in.  per  net  horse  power  per  minute,  and  with  entire 
absence  of  chattering  of  machine  and  spring  of  the  cutter  arbor. 

44  The  writer  is  fully  aware  of  the  fact  that  the  tests  described 
above  are  by  no  means  complete,  and  he  believes  that  they  are  only 
a  starting  point  and  that  much  more  should  be  done  in  this  line  before 
we  can  say  that  we  have  sufficient  working  knowledge  of  the  effici- 
ency of  drives  and  feeds  of  milling  machines  and  of  milling  cutters. 
The  fact  that  so  little  has  been  published  on  this  subject  has  led  him 
to  submit  this  paper,  incomplete  as  it  may  be. 

DISCUSSION 

Mr.  Fred  J.  Miller  Referring  to  Par.  4,  it  is,  of  course,  familiar, 
to  the  author  that  although  the  motor  drive  has  emphasized  the  fact 
that  machine  tools  are  used  for  widely  varying  kinds  of  work,  yet 
long  before  the  electric  motor  came  into  use  machine  tool  builders 
expected  their  machines  to  be  called  upon  to  do  work  var3dng  from 
the  roughest  and  heaviest  to  the  lightest  and  most  refined.  Standard, 
or  commercial,  machine  tools  alwa3rs  have  been  and  probably  always 
will  be  a  compromise  based  upon  that  fact. 

2  A  16-in.  lathe,  for  instance,  can  be  built  capable  of  taking  heavy 
cuts  from  steel  forgings,  say  12  in.  to  16  in.  diameter;  but  such  a  lathe 
would  be  nearly  useless  for  a  great  deal  of  the  work  that  16-in.  lathes 
are  called  upon  to  do.  Much  the  same  considerations  apply  to  milling 
machines  and  this  brings  up  the  question  as  to  whether  or  not  a  milling 
machine  of  the  column-and-knee  type  should  be  so  built  as  to  take 
very  heavy  cuts,  or  be  expected  to  do  so. 

3  Machines  of  this  type  are  more  convenient  of  access  than  any 
other  and  are  preeminent  for  the  facility  with  which  they  can  be 
manipulated.  This  fact  peculiarly  fits  them  for  work  of  a  certain 
kind, — ^jobbing  and  tool  work,  continually  changing  in  character,  for 
which  the  machine  must  be  continually  changed  in  its  adjustments  and 


Digitized  by  VjOOQIC 


860  TB8T8  OF  lOLLINO  MACHINES   AND  CUTTBBS 

the  operator  must  be  able  to  see  easily  and  clearly  what  is  going  on. 
On  such  work  these  features  are  generaUy  more  important  than 
capacity  for  heavy  cuts. 

4  Generally  speaking,  heavy  cuts  are  taken  on  regular  manu- 
facturing work  where  a  number  of  pieces  alike  are  handled  at  one 
time  and  at  a  single  setting  of  the  machine.  On  such  work  facility  of 
access  and  adjustment^  though  still  important,  are  unimportant  com- 
pared with  the  ability  to  take  a  heavy  cut  when  called  for. 

5  That  the  knee-type  miller  is,  in  its  original  form,  ill-adapted 
for  heavy  cuts  is  shown  by  the  now  general  adoption  of  '' harness" 
designed  to  connect  the  outer  end  of  the  cutter  arbor  with  the  outer 
extremity  of  the  knee  and  thus  reduce  the  springing  and  vibration 
due  to  reaching  out  from  the  supporting  column  with  the  cutter  arbor 
and  then  reaching  out  with  the  work-support  to  meet  the  cutter.  I 
have  seen  millers  of  the  column-and-knee  type  taking  surprisingly 
heavy  cuts;  but  it  has  never  seemed  to  me  that  such  a  machine  should 
be  called  upon  to  do  it.  Where  heavy  cuts  are  to  be  taken  machines 
of  other  forms  seem  to  be  desirable. 

6  In  Par.  9  of  the  paper,  reference  is  made  to  belt  power  and  gear 
ratio.  I  have  very  seldom  seen  belt  speed  and  gear  ratio  both  speci- 
fied in  a  machine  tool;  it  is  sometimes  done,  but  I  think,  not  often. 
Of  course  if  we  know  the  belt  width  and  speed  and  something  of  the 
construction  of  the  machine  we  can  deduce,  at  least  approximately, 
the  turning  force  that  will  be  applied  to  the  cutter  arbor.  If  we 
know  the  belt  width  only,  and  the  gear  ratio,  we  can  do  the  same  thing. 

7  Referring  to  Par.  19,  I  think  it  would  be  desirable  to  include 
with  the  paper  a  drawing  of  the  driving  gear  of  the  machine  designed 
by  the  author.  I  believe  such  a  drawing  has  been  published  else- 
where and  that  the  construction  is  not  regarded  as  a  secret.  It 
would  help  very  much  toward  making  complete  the  record  here  pre- 
sented if  such  a  drawing  were  to  be  included  in  the  paper. 

8  Referring  to  Par.  28  and  29,  it  would  be  interesting  to  know 
something  of  how  the  tests  there  referred  to  were  made.  Prom  the 
nature  of  the  case  we  would  naturally  conclude  that  the  force  exerted 
by  the  cutter  against  the  feed  motion  of  the  platen  must  be  about 
equal  to  the  force  exerted  by  the  feed  mechanism  to  move  the  platen. 
In  fact,  in  the  case  of  a  very  deep  cut,  a  considerable  proportion  of  the 
force  exerted  in  rotating  the  cutter  arbor  is  not  exerted  in  directly 
resisting  the  feed  motion,  but  in  lifting  the  platen  of  the  machine  from 
its  seat.  It  is  a  familiar  fact  that,  where  a  stem  cutter  or  a  face  cutter 
is  applied  to  the  work  in  such  a  way  that  as  much  of  the  cut  is  above 


Digitized  by  VjOOQIC 


TESTS  OF  MILLING  MACHINES   AND  CX7TTEBS  861 

the  center  line  of  the  cutter  as  below  it,  practically  no  force  is  required 
for  the  feed,  so  long  as  the  cutter  is  sharp. 

9  In  general  we  may  say  that,  other  things  being  equal,  the  force 
required  to  feed  the  platen  of  a  milling  machine  will  decrease  per  unit 
of  metal  removed  per  turn,  or  per  minute,  as  the  cut  is  increased  in 
depth.  At  a  depth  of  cut  equal  to  the  diameter  of  the  cutter,  it  is  prob- 
able that  very  little  force  is  ever  required  for  the  feed  motion,  except 
to  overcome  friction,  unless  the  cutter  be  dulL  But  for  wide  cuts  of  no 
great  depth,  the  conclusion  would  seem  to  be  inevitable  that  the  force 
applied  to  rotate  the  cutter  and  the  force  applied  to  move  the  platen 
against  the  cutter  are  practically  equal.  If  these  two  opposing  forces 
are  substantially  equal  for  shallow  cuts,  and  if,  as  the  cut  grows 
deeper,  the  force  required  to  rotate  the  cutter  increases  in  a  faster 
ratio  than  that  required  to  move  the  platen,  as  undoubtedly  is  the 
case,  and  if,  as  mentioned  in  the  paragraphs  referred  to,  the  peripheral 
speed  of  the  cutter  is  40  ft.  per  min.,  and  of  the  platen  10  in.  per  min., 
we  have  a  speed  ratio  of  48  to  1,  and  it  is  obvious  that  the  power  con- 
sumed ought  to  be  in  the  same  ratio;  or,  in  other  words,  the  power 
required  for  the  feed  should  be  slightly  over  2  per  cent  of  that  applied 
to  the  rotation  of  the  cutter,  instead  of  over  66  per  cent. 

10  It  is  true  enough  that  results  of  tests  are  generally  to  be  pre- 
ferred to  those  of  deductive  reasoning,  but  it  would  be  interesting  to 
know  if  the  tests  that  showed  that  40  per  cent  of  the  power  applied  to 
the  milling  machine  was  used  to  drive  the  feed-motion,  represent 
actual  practice. 

Mr.  Wilfred  Lewis  and  Mr.  Wm.  H.  Taylor  This  paper  pre- 
sents interesting  and  instructive  data  in  regard  to  the  performance  of 
a  milling  cutter,  and  Mr.  DeLeeuw  is  to  be  congratulated  upon  the 
admirable  manner  in  which  his  work  has  been  done.  We  have  also 
made  some  tests  upon  a  milling  cutter  of  different  construction,  and 
although  we  have  not  gone  into  the  subject  in  the  same  way,  we  are 
quite  willing  to  accept  the  results  derived  by  Mr.  DeLeeuw  in  regard 
to  machine  efficiencies  as  fairly  applicable  to  other  machines,  upon 
which  we  have  tried  our  cutter.  We  are  even  willing  to  admit  that 
the  Cincinnati  milling  machine  may  be  more  efficient,  and  think  that 
60  per  cent  would  come  nearer  to  the  efficiency  in  our  case  when  the 
motor  is  included  on  account  of  the  additional  gearing  required  for  the 
heavier  drive.  His  method  of  determining  the  efficiency  of  his  milling 
machines  by  coupling  two  together  and  measuring  the  current 
absorbed  and  given  oflf  is  very  ingenious,  and  gives  results  in  all 
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probability  pretty  near  the  truth.  We  believe,  however,  that  the 
counter  efficiency  is  never  quite  equal  to  the  direct  efficiency.  This 
is  obviously  the  case  where  worm  gearing  is  employed,  and  it  must 
be  true  to  a  lesser  extent  in  all  cases  where  speed  is  reduced  through  a 
train  of  spin:  gearing  and  then  increased  again  through  a  similar  trmn. 

2  If  Mr.  DeLeeuw  had  carried  his  experiments  further  he  probably 
would  have  determined  a  higher  efficiency  for  the  direct  drive  of  his 
milling  machines.  We  are  willing,  however,  to  accept  75  per  cent  as 
a  fair  average  and  on  this  basis  it  appears  that  the  best  results  obtained 
in  slab-milling  ran  from  0.45  to  0.55  cu.  in.  per  min.  for  one  horse- 
power actually  consumed  by  the  milling  cutter  in  cutting  16  carbon 
steel. 

3  In  face-milling  much  better  results  are  obtained  and  the  differ- 
ence is  ascribed  to  the  lip  angle  of  the  cutter  used  in  face-milling. 
It  would  appear,  therefore,  that  there  is  no  inherent  advantage  in 
face-milling  over  slab-milling  if  the  cutting  edges  are  alike  in  each 
case,  and  our  experiments  on  slab  milling  bear  out  this  opinion. 

4  In  our  paper  on  The  Development  of  a  High  Speed  Milling 
Cutter  with  Inserted  Blades  for  High-powered  Milling  Machines, 
presented  at  this  meeting,  we  would  call  attention  to  the  very  pro- 
nounced lip  angle  obtained  by  the  use  of  our  curved  blades,  and  as  far 
as  the  actual  performance  is  concerned  we  have  made  experiments 
since  that  paper  was  written,  through  the  courtesy  of  the  Niles- 
Bement-Pond  Company,  demonstrating  that  it  is  possible  to  obtain 
with  such  a  cutter  from  1  to  1 J  cu.  in.  of  25  carbon  steel  as  against 
^  cu.  in.  of  16  carbon  steel  obtained  by  Mr.  DeLeeuw.  This  output 
is  estimated  on  the  basis  of  70  per  cent  for  the  combined  efficiency  of 
motor  and  slabbing  machine  and  this  we  believe  to  be  a  higher  figure 
than  could  be  established  by  experiments  upon  efficiency  for  such  a 
heavily-geared  machine.  Probably  60  per  cent  would  be  nearer  the 
truth  and  on  this  basis  the  amount  of  metal  removed  per  horse  power 
would  rim  from  1 J  to  1^  cu.  in. 

6  Mr.  DeLeeuw's  experiments  were  made  with  a  3^  in.  by  6  in. 
cutter  on  a  machine  capable  of  transmitting  11  h.p.,  weighing  about 
6000  or  7000  lb.  Oiu:  experiments  were  made  with  an  8  in.  by  18  in. 
cutter  on  a  machine  capable  of  transmitting  165  h.p.  and  weighing 
70  000  lb.  We  had,  therefore,  the  advantage  of  taldng  heavy  chips, 
as  well  as  the  advantage  of  the  lip  angle  referred  to,  and  the  limiting 
capacity  of  our  cutter  is  not  yet  in  sight. 

6  It  will  be  of  interest  to  know  that  some  of  these  chips  (exhibited 
at  the  meeting)  were  removed  under  more  severe  conditions  than  had 
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before  been  attempted  in  slab  milling  practice  with  any  other  type 
of  milling  cutter  or  milling  machine.  Mr.  DeLeeuw  states  in  his  paper 
that  the  cutter  was  sharpened  before  each  test.  We  traversed  a  steel 
forging  Hi  in.  wide  and  50  in.  long  five  times  without  sharpening  our 
cutter  and  after  doing  this  there  was  no  perceptible  dulling  of  the 
cutting  edges.  The  first  two  runs  were  made  at  a  table  advance  of 
9^  in.  and  |i  in.  depth  of  cut,  and  the  circumference  of  the  cutter 
was  under  approximately  25  000  lb.  cutting  pressure;  the  third  run 
was  made  with  a  table  advance  of  5^  in.,  depth  of  cut  1^  in.,  with 
the  cutter  under  approximately  26  000  lb.  pressure,  and  runs  four  and 
five  were  made  Tvdth  a  table  advance  of  9^  in.  per  min.,  depth  of  cut 
}  in.  with  the  circumference  imder  approximately  39  000  lb.  pressure, 
making  a  total  of  30^  min.  actual  cutting  time,  in  which  the  cutter 
traversed  250  in.  and  removed  607  lb.  of  steel.  The  cutting  speed  in 
all  these  tests  was  70  ft.  per  min. 

7  In  regard  to  the  efficiency  of  the  feed  mechanism  of  the  Cin- 
cinnati milling  machine  we  are  not  at  all  surprised  to  find  it  as  low  as 
Mr.  DeLeeuw  has  discovered,  for  the  simple  reason,  that  the  feed  is 
transmitted  through  a  screw.  The  efficiency  of  screws  is  a  matter 
that  has  come  before  the  Society  and  has  had  very  careful  consider- 
ation. It  is  well  known  that  a  screw  is  one  of  the  most  inefficient 
mediums  for  the  transmission  of  power  that  can  possibly  be  employed. 
It  is  nevertheless  in  many  cases  the  best,  but  we  do  not  agree  alto- 
gether with  Mr.  DeLeeuw  that  the  efficiency  of  the  feed  mechanism  is 
a  matter  of  first  importance.  We  believe  that  the  rigidity  of  the  feed 
mechanism  is  a  matter  of  more  importance  than  its  efficiency.  The 
efficiency  can  readily  be  increased  by  increasing  the  pitch  of  the  screw. 
Roughly  speaking,  the  efficiency  of  a  feed  screw  is  measured  by  the 
pitch  divided  by  the  pitch  plu^  the  diameter,  and  for  a  screw  of  i  in. 
pitch  1|  in.  diameter,  such  as  is  used  on  the  Cincinnati  No.  3  milling 
machine,  the  efficiency  should  be  about  18  per  cent.  If  the  pitch 
were  doubled  the  efficiency  would  be  increased  to  31  per  cent,  and 
while  better  efficiency  could  be  obtained  by  fiurther  increase  in  pitch, 
this  gain  in  efficiency,  however,  would  be  obtained  by  the  sacrifice  of 
rigidity,  inasmuch  as  the  steeper  the  thread,  the  greater  the  torsional 
strain  in  the  screw  and  the  greater  the  liability  to  chatter  imder 
heavy  work. 

Mr.  Fred.  W.  Taylor  Mr.  DeLeeuw  has  done  admirable  work 
in  the  experiments  which  he  has  described,  and  work  of  the  kind  that 
is  much  needed;  it  is  therefore  with  much  hesitancy  that  I  criticise 
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his  paper  at  all,  and  my  criticism  is  intended  to  supplement  his  paper, 
not  to  detract  from  it. 

2  His  paper  gives  us  facts  as  to  the  relative  efficiency  of  three 
different  milling-machines.  He  has  not  given  us  any  data,  however, 
which  enables  us,  as  engineers,  to  judge  why  one  of  the  machines  is 
so  much  more  efficient  than  the  other  two.  Now  in  an  advertise- 
ment, or  even  in  an  article  written  in  a  technical  journal,  it  is  per- 
fectly proper  to  call  attention  to  the  fact  that  one  machine  is  far 
better  and  more  efficient  than  any  of  the  machines  competing  with 
it,  without  giving  in  detail  the  reasons.  A  paper  presented  to  an 
engineering  society,  however,  should  be  for  the  education  of  its 
members,  and  they  obtain  but  little  valuable  information  or  educa- 
tion from  the  mere  statement  that  a  result  has  been  obtained,  with- 
out indicating  the  exact  means  by  which  the  result  is  reached. 
Engineers  want  to  know  not  only  the  result  or  effect,  but  also 
the  cause  which  has  produced  it. 

3  Now  the  efficiency  of  a  milling-machine  is  largely  the  efficiency 
of  its  train  of  driving-gears  with  its  shafts  and  bearings,  pliis  the 
efficiency  of  the  cutting-tool.  A  full  description  of  the  trains  of  gear- 
ing, etc.,  of  the  three  machines  should  have  been  given,  so  that  the 
readers  could  decide  for  themselves  exactly  why  one  machine  is 
better  than  the  other  two. 

4  Again,  at  the  end  of  the  paper  is  a  statement  which  has  the 
appearance  of  an  advertisement.  The  author  states  that  a  new 
milling-cutter  is  being  patented  which  is  far  more  efficient  than  those 
on  the  market,  without  giving  even  a  view  of  the  cutter  itself  or  the 
slightest  inkling  as  to  the  cause  of  this  superiority:  such  a  statement 
should  never  be  permitted  in  a  paper  published  by  an  engineering 
society. 

Prop.  J.  J.  Flather  I  wish  to  add  a  word  of  appreciation  of  the 
scientific  work  which  Mr.  DeLeeuw  has  done  in  determining  the 
power  required  to  remove  metal  by  milling  and  in  subdividing  that 
power,  placing  a  portion  of  it  where  it  belongs,  in  the  feed  mechanism. 

2  But  I  wish  to  protest  against  the  engineer  classing  "  a  matter 
of  practical  experience,  judgment  and  intuition,"  as  "guess  work," 
as  in  the  first  paragraph  of  the  paper.  I  think  that  is  an  engineer- 
ing estimate  and  an  inference,  rather  than  guess  work,  and  believe 
this  view  is  really  what  the  author  intended.  The  design  of  machine 
tools  has  been  largely  based  on  such  estimates  in  times  past,  for  lack 
of  accurate  data,  and  the  engineer  has,  by  a  certain  process  of  intui- 
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tion,  and  by  using  his  judgment  and  past  experience,  put  all  these 
factors  together,  so  as  to  make  a  very  accurate  estimate  as  to  what 
results  would  be  produced  under  given  conditions. 

3  The  main  object  of  a  machine  designer  should  be  to  produce  a 
tool  that  will  give  increased  output.  The  matter  of  power  is  of  very 
little  importance.  In  fact,  the  cost  of  fuel  in  producing  power  in 
most  of  our  factories  amounts  to  only  two  or  three  per  cent,  and  it 
does  not  make  a  great  deal  of  difference  what  the  power  is.  What 
the  aim  should  be  is  increased  output,  and  any  machine  that  will  give 
increased  output,  no  matter  how  inefficient  it  is  in  the  conversion  of 
power,  is  to  be  preferred  to  one  that  is  much  more  efficient  in  this 
regard  but  has  a  smaller  output. 

4  Considering  the  tools  that  are  in  most  common  use,  the  lathe 
and  planer  and  the  milling  machine,  we  know,  by  referring  to  various 
tests  based  on  the  pound  per  minute  output  of  metal,  that  the  lathe 
will  remove  approximately  a  poimd  of  steel  chips  per  minute  at  a  cost 
of  0.4  h.p.;  the  planer  of  about  2.5  h.p.  per  pound;  and  the  milling 
machine  of  approximately  10  h.p.  per  pound  under  average  conditions. 
There  are  so  many  variables  that  it  is  practically  impossible  to  predict 
how  much  power  will  be  taken,  but  the  tests  show  the  efficiency  of  the 
milling  machine  to  be  very  low :  and  yet  every  manufacturer  realizes  the 
great  saving  in  labor  and  time  by  the  use  of  the  milling  machine,  and 
the  milling  machine  will  be  used  more  and  more,  because  of  this 
saving.  This  attention  to  increased  output  should  not  in  any  way 
prevent  us  from  determining  the  amount  of  power  required  to  operate 
a  machine,  or  its  various  parts.  In  fact  such  tests  are  often  abso- 
lutely necessary  to  a  proper  handling  of  the  problem;  if  they  lead  to 
a  reduction  of  the  power  required  without  interfering  with  the  out- 
put, an  additional  advantage  is  obtained. 

5  The  author  speaks  of  the  lack  of  engineering  data  from  which  to 
determine  the  size  of  motor  to  apply  to  a  machine.  Today,  with  the 
use  of  high  speed  steels,  this  is  true  to  a  certain  extent,  and  yet  not 
only  have  most  careful  tests  been  made,  to  determine  the  total  power 
required  for  removing  metal  and  running  the  machine,  but  the  sub- 
divided power  has  been  determined  as  long  ago  as  when  Hartig  was 
carrying  out  his  experiments  in  Germany.  The  experiments  showed 
the  amount  of  power  required  to  run  the  machine  idle,  the  amount 
for  different  §peeds,  and  the  amount  to  remove  metal  per  unit  of 
time.  Hartig's  experiments  included  some  sixty-nine  different 
machines,  with  from  five  to  fifty  tests  on  each  machine,  showing  the 
very  wide  range  of  his  experiments.     Other  experimenters,  including 
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Vauclain  and  Halsey,  Professor  Benjamin,  and  other  members  of 
the  Society,  have  done  a  large  amount  of  work  along  these  Unes, 
which  has  been  of  great  value  to  the  designer  as  well  as  the  user  of 
machine  tools. 

6  Now,  with  the  advent  of  the  high  speed-steel  more  such  experi- 
ments are  required,  and  there  is  a  very  promising  field  for  some  of  the 
research  laboratories  to  take  up  such  problems  as  have  been  indicated 
in  this  paper,  and  ascertain  how  much  power  is  required  to  operate 
such  machines,  and  how  much  may  be  saved  by  cutters  of  different 
construction,  tools  of  different  shapes,  and  different  proportions  of 
feed  and  rate  of  cutting,  and  various  other  matters  of  value  to  the 
engineer. 

The  Author  I  would  like  to  go  over  briefly  some  of  the  remarks 
which  struck  me  most  vividly.  Mr.  Miller  refers  to  the  milling-machine 
as  a  machine  especially  adapted  for  tool-room  and  jobbing  work. 
That  has  been  true  almost  to  the  exclusion  of  everything  else.  It  is 
true  to  a  very  large  extent  even  at  the  present  time,  but  there  seems 
to  be  a  tendency  to  use  the  knee  and  column  type  of  milling-machine 
for  tool  work  and  jobbing  work,  for  work  requiring  the  fine  adjust- 
ment to  which  the  milling-machine  lends  itself,  and  for  work  requiring 
the  peculiar  feature  of  the  milling-machine,  of  lending  itself  to  almost 
any  kind  of  shape  one  wants  to  produce;  but  at  the  same  time  the 
milling  machine  is  now  being  used  for  heavy  every-day  rough  shaping 
work,  plain  slabbing,  surfacing,  etc. 

2  One  reason  why  this  has  not  been  done  in  the  past  may  have 
been  the  nature  of  the  cutters.  It  may  be  that  the  reason  why  the 
milling-machines  were  used  so  long  almost  exclusively  for  tool-room 
work  was  a  historical  one,  but  we  seem  to  be  rapidly  drifting  away 
from  this  condition;  and  I  thought  it  would  be  well,  in  recognition 
of  this  fact,  to  have  some  knowledge  of  the  milling-machine  outside  of 
its  old  scope;  knowledge  of  its  ability  to  remove  chips.  This  is  not 
minimizing  at  all  the  importance  of  the  milling-machine  as  a  tool 
room  machine,  and  I  realize  fully  that  the  milling-machine  may  be 
highly  efficient  as  a  machine-tool  for  a  great  many  lines  of  work, 
though  it  may  not  be  efficient  as  a  user  of  power.  But  the  milling- 
machine  is  also  being  used  more  and  more  for  heavy  work,  and  will 
be  used  in  the  future  to  an  even  greater  extent;  and  iu  heavy  work 
an  economical  user  of  power  is  in  my  opinion  very  important. 

3  I  wish  to  refer  also  to  what  Mr.  Flather  said,  that  it  is  not 
the  power  that  cuts  the  figure.    I  would  suggest,  that  we  use  just 
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as  much  power  as  is  necessary,  and  not  a  bit  more,  in  the  machine, 
and  take  the  rest  of  the  power  to  drive  a  fan  somewhere  in  the  open 
air;  use  the  power  if  you  wish  to,  but  do  not  use  it  in  the  machine. 

4  The  tests  which  I  have  described  were  carried  out  in  order  to 
determine  what  power  is  actually  required  in  the  machine,  and  I  want 
to  say  here,  that  I  realize  that  these  tests  are  in  no  sense  complete. 
They  have  not  fully  accomplished  any  of  the  aims  I  have  set  for  my- 
self— not  even  a  large  percentage;  by  far  the  greater  part  is  left 
undone.  It  might,  perhaps,  have  been  well  to  postpone  the  writing 
of  this  paper  until  more  complete  data  were  at  hand,  but  the  mere 
fact  of  bringing  this  matter  up  before  the  Society  may  assist  in  start- 
ing other  people,  perhaps  better  equipped  for  carrying  out  such  tests, 
along  the  same  lines,  or  if  they  have  been  working  along  these  lines, 
may  lead  them  to  publish  the  results  of  their  tests. 

6  Mr.  Miller  further  refers  to  the  relation  between  the  power 
required  for  the  drive  and  for  feed,  and  objects  more  or  less  to  my 
statement  that  the  pressure  against  the  cutter  is  practically  the  pres- 
sure against  the  table.  I  mentioned  this,  but  with  certain  limitations, 
and  it  may  be  that  the  limitations  were  not  put  clearly  enough.  All 
the  cuts  taken  during  these  tests  were  what  might  be  called  flat  cuts; 
relatively  wide  and  of  little  depth;  the  depth  of  the  cut  as  com- 
pared to  the  diameter  of  the  cutter  was  small,  and  for  that  reason 
the  upthrust  was  not  very  large;  and  even  imder  these  conditions  it  is 
not  quite  true  that  the  thrust  against  the  cutter  is  the  same  as  that 
against  the  table.  This  is  not  mentioned  in  my  paper  as  a  fact,  but 
merely  as  the  supporting  argument  which  led  up  to  my  realizing  the 
desirability  of  making  some  tests  on  feed  efficiencies. 

6  I  appreciate  the  remarks  made  by  Mr.  Wilfred  Lewis  in  regard 
to  the  heavy  chips  taken  by  his  heavy  cutters.  I  have  had  some 
connection  with  concerns  making  heavy  machines,  and  have  pre- 
viously spent  somd  time  in  shops  where  these  heavy  machines  were 
being  run,  on  steel,  and  taking  extremely  heavy  chips.  A  heavy 
chip  will  make  me  walk  aroimd  several  squares;  but  the  machines  I 
had  to  deal  with  would  not  allow  taking  such  a  chip  as  can  be  made 
with  a  165-h.p.  motor.  However,  though  the  tests  described  do  not 
give  any  information  as  to  the  efficiency  of  the  larger  machines,  the 
horse  power  used  on  all  knee  and  colimin  type  machines  is,  I 
believe,  very  much  larger  than  on  all  of  the  heavier  type  of  machines 
on  which  Mr.  Lewis  made  his  tests,  and  for  that  reason  I  believe  I  do 
not  need  to  apologize  for  having  limited  my  paper  to  the  smaller 
machines.    Perhaps  the  size  is  not  there,  but  the  quantity  certainly  is. 
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7  As  to  the  necessity  of  regrinding  the  cutter  after  each  series  of 
tests,  I  may  have  given  the  impression  that  this  was  necessaiy,  because 
the  cutter  was  pulled  off  after  each  series  of  cuts.  This  was  not  the 
case,  however.  The  cutter  was  regroimd  merely  to  start  every  series 
of  tests  under  the  same  conditions,  and  to  make  the  tests  on  the  differ- 
ent machines  as  nearly  uniform  as  possible. 

8  Referring  to  Mr.  Taylor's  desire  to  have  causes  given  as  well 
as  eflfects,  in  other  words  to  have  it  shown  why  one  milling-machine 
should  be  more  efficient  than  the  other,  I  wish  to  refer  him  to  the 
title  of  my  paper,  which  is  not  "Efficiency  of  Milling-Machines"  but 
"Efficiency-tests  of  Milling  Machines:"  it  is  not  therefore  supposed 
to  give  a  clear  account  of  everything  pertaining  to  the  efficiency  of 
milhng-machines,  but  merely  an  account  of  tests  made,  the  methods 
employed  and  some  of  the  results  obtained;  with  here  and  there  a 
guess  as  to  the  possible  cause.  I  realize  that  a  complete  treatise 
on  the  efficiency  of  milling-machines  would  be  of  great  interest,  but 
confess  that  I  have  not  sufficient  data  for  even  the  foundation  of 
such  a  treatise.  If  all  the  different  makes  of  milling-machines  had 
been  tested  and  one  particular  make  found  superior  in  efficiency, 
and  if  this  fact  had  been  mentioned  in  my  paper,  some  statements 
about  the  probable  cause  certainly  would  have  been  in  order:  only 
four  machines  have  been  tested,  however,  and  the  result  can  be  of 
interest  only  in  so  far  as  it  shows  that  a  difference  in  efficiency 
exists. 

9  I  believe  this  paper  meets  the  requirements  set  up  by  Mr. 
Taylor,  namely,  that  it  should  be  of  some  educational  value  to  the 
members  of  the  Society,  though  I  realize  that  it  is  that  only  to  a 
very  limited  extent.  Yet  the  aim  of  the  paper  was,  by  bringing 
forward  methods  employed  in  testing  milling-machines,  to  enable 
others  to  work  along  the  same  lines,  and  to  whatever  small  extent 
this  aim  has  been  accomplished,  to  that  extent  my  paper  must  have 
educational  value. 

10  I  am  very  much  puzzled  by  Mr.  Taylor's  remark  that  my 
statement  as  to  the  new  milling-cutter  has  very  much  the  appear- 
ance of  an  advertisement.  It  would  seem  to  me  that  to  mention 
that  a  milling-cutter  exists,  but  not  to  describe  it,  nor  to  show  a 
picture,  nor  to  say  who  makes  it,  nor  even  that  it  is  being  made 
or  ever  will  be  made,  lacks  about  all  the  essentials  of  a  live  adver- 
tisement. 
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THE  DEVELOPMENT  OF  A  HIGH  SPEED  MILL- 
ING CUTTER,  WITH  INSERTED  BLADES, 
FOR  HIGH  POWERED  MILLING 
MACHINES 

By  WiLPKED  Lewis,  Philadelphia,  Pa. 
Member  of  the  Society 

Wm.  H.  Taylor,  Philadelphia,  Pa. 
Non-Member 

It  has  long  been  recognized  that  the  process  of  milling  is  superior 
to  any  other  for  machining  metal  because  the  metal  can  be  removed 
at  a  much  higher  rate  of  speed  than  by  any  other  method,  and  as 
the  operation  of  cutting  is  continuous,  milling  cutters  being  made 
up  of  a  multiplicity  of  cutting  edges,  work  can  be  machined  at  a 
much  lower  time  cost.  After  the  advent  of  high  speed  steel,  builders 
of  milling  machines,  especially  those  of  the  planer  type,  began  to 
offer  high-powered  milling  machines,  and  today  it  is  a  very  common 
thing  to  see  a  milling  machine  whose  spindle  is  driven  by  an  indi- 
vidual motor  of  from  50  to  75  h.p.  capacity,  whose  platen  is  driven 
by  an  independent  motor  of  from  7  to  15  h.p.  capacity  and  whose 
cross-rail  is  raised  and  lowered  by  an  individual  motor  of  from  3  to 
5  h.p.  capacity.  While  the  milling  machine  has  been  developed  to 
high  power  and  high  speed,  the  milling  cutter  has  not  advanced  as 
rapidly;  the  user  is  thus  confronted  with  a  very  unsatisfactory  con- 
dition, the  output  of  his  milling  machine  being  limited  to  cutters 
of  inadequate  capacity.  This  condition  results  from  faults  of  design 
lying  in  the  shape  of  the  blade  and  method  of  fastening.  This 
criticism  applies  to  the  inserted  blade  type  of  cutter,  which  by  reason 
of  its  cheapness  in  first  cost  and  maintenance  has  been  imiversally 
adopted  for  heavy  slab  milling. 

2  In  1892  George  Brechtol  developed  a  milling  cutter  of  the  in- 
serted-blade  type,  in  which  the  blades  were  made  of  carbon  steel, 
properly  shaped  and  secured.  The  results  obtained  at  the  time  were 
considered  extraordinary,  being  far  in  advance  of  those  obtained 
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by  other  t5rpes  of  carbon  steel  cutters.  His  cutter  consisted  of  a 
malleable  iron  core,  bored  and  ke3rseated,  into  whose  body  were  planed 
8  helical  dove-tail  grooves,  considerably  wider  than  the  blades.  The 
blades  were  bent  around  a  cylinder  to  the  desired  helix.  They  were 
set  inside  a  cylinder  and  properly  spaced  by  means  of  blocks;  the 
core  was  then  set  in  position  and  soft  metal  poured,  filling  the  dove- 
tail grooves  and  the  spaces  between  the  blades. 

3  Mr.  C.  D.  Peck  was  the  first  to  develop  successfuUy  a  milling 
cutter  of  the  inserted-blade  type  for  heavy  slab  milling,  having  high 
speed  steel  blades,  helical  in  shape.  The  paramount  feature  in  Mr. 
Peck's  cutter  was  the  helical  shape  of  the  blades.  He  planed  helical 
slots,  rectangular  in  shape,  in  a  steel  housing,  inserted  therein  high- 
speed steel  blades  bent  to  fit  the  helix  of  the  slot,  and  held  them  in 
a  rigid  position  by  means  of  wedges  inserted  at  intervals  between 
the  front  face  of  the  blades  and  the  side  of  the  slot,  filling  the  spaces 
between  the  wedges  with  soft  metal.  Mr.  Peck  designed  and  bxiilt 
a  hand  press  for  bending  the  blades,  which  consisted  of  a  pair  of 
lateral  jaws  encircling  a  shaft;  one  of  them  stationary,  the  other 
actuated  by  a  lever  and  toggles  so  as  to  close  upon  the  blade  to  form 
a  helix. 

4  His  first  cutter  was  built  at  the  Pittsburg  works  of  the  Amer- 
ican Locomotive  Company  in  1905,  and  from  tests  made  at  the  time, 
the  results  were  far  in  excess  of  those  obtained  from  other  t3rpes  of 
milling  cutters  with  inserted  blades,  both  in  material  removed  in  a 
specified  time  and  in  power  consumed  per  cubic  inch  of  material 
removed.  He  proceeded  to  build  more  cutters  and  put  them  into 
use,  having  conclusively  demonstrated  by  continuous  operation  that 
the  capacity  of  these  cutters  for  removing  metal  was  not  only  far 
greater  than  that  of  other  types  of  inserted  blade  cutters,  but  in 
excess  of  the  capacity  of  the  modem  type  of  high-powered  milling 
machine. 

6  Early  in  1907  Mr.  Peck  had  a  conference  with  the  manufacturers 
of  the  Taylor-Newbold  Cold  Saw,  who  were  developing  a  milling 
cutter  of  the  inserted-blade  type,  and  the  conference  resulted  in  Mr. 
Peck  turning  his  developments  over  to  the  Taylor-Newbold  people. 
It  was  from  this  combination  that  the  milling  cutter  about  to  be 
described  was  evolved.    See  Fig.  1. 

6  Our  primary  investigations  showed  that  there  was  no  existing 
standard,  or  suitable  rule,  governing  the  construction  of  milling  cut- 
ters with  inserted  blades,  nor  was  there  any  record  of  exhaustive 
tests  made  to  determine  the  most  effective  pitch,  proper  clearance 
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angles,  or  front  slope  and  lip  angles  to  be  employed,  and  judging 
from  past  and  present  constructions  in  milling  cutters  of  the  inserted- 
blade  type,  the  functional  elements  are  merely  arbitrary  selections 
to  suit  individual  tastes. 

7  We  also  found  the  prevailing  practice  in  constructing  milling 
cutters  with  inserted  blades  to  consist  of  cutting  rectangular  slots 
in  a  cylindrical  housing,  the  slots  lying  in  a  plane  angular  to  the  axis. 
The  angle  from  the  axis  at  which  the  plane  is  set  varies  from  5  to  25 
deg.  according  to  the  length  and  diameter  of  the  housing.  The  blades 
are  straight  pieces  of  high  speed  steel,  which  are  ground  off  after 
being  inserted  in  the  slots  until  a  definite  projection  from  the  housing 
along  the  cutting  edge  is  attained,  after  which  clearance  is  obtained 
by  "backing  oflf." 


Fia.  1    High  Speed  Inserted  Steel  Hbucal  Blade  Milling  Cutter,  8  in 
Diameter,  3)  in.  Bore,  18  Blades 


8  The  blades  are  held  in  position  by  various  methods,  such  as  by 
clamps  placed  between  each  alternate  pair  of  blades  and  drawn  in- 
ward by  screws;  or  by  cutting  grooves  in  the  abutment  between  each 
alternate  pair  of  blades  and  forcing  the  parted  abutments  by  means 
of  taper  screws  to  clamp  the  blades  on  either  side;  or  by  driving 
wedges  between  the  front  face  of  the  blade  and  the  side  of  the  slot; 
and  by  numerous  other  means. 

9  We  also  found  that  much  can  be  learned  and  applied  to  mill- 
ing cutter  blades  from  the  development  of  the  lathe  and  tool,  espe- 
cially the  round  nose  tool;  a  fact  totally  ignored  by  the  manufacturers 


Digitized  by  VjOOQIC 


872  INBBBTED   BLADE,   HIGH  SPEED  MILUNG   CUTTER 

of  milling  cutters,  who  still  try  to  accomplish  the  impossible, — ^that 
is,  setting  a  straight  blade  in  a  slot  with  its  front  face  in  a  plane 
angular  to  an  axis,  to  develop  thereby  and  maintain  throughout  its 
length  the  proper  front  slope  and  lip  angle,  and  define  a  helix  on  the 
line  of  the  cutting  edge. 

10  The  first  point  which  we  considered  in  constructing  the  cutter 
to  be  described  was  the  shape  of  the  blade,  with  the  following  conclu- 
sions: To  maintain  a  prescribed  slope  and  lip  angle  throughout  its 
entire  length,  the  blade  must  be  bent  to  form  a  helix,  and  by  so  shapn 
ing  it  all  angles  and  the  contoiur  of  both  blades  and  slot  would  be 
constant  over  their  entire  lengths.  Again,  with  the  blades  helical 
in  shape,  a  continuous  cutting  edge  with  a  constant  lip  an^e  would 
be  maintained  throughout  any  length  of  cutter. 

11  The  second  point  for  consideration  was  the  pitch  or  lead  of 
the  blade,  and  from  experiments  with  various  leads  we  found  an 
effective  angle  for  the  helix  to  be  about  20  deg.  To  facilitate 
computation,  we  adopted  the  formula,  diameter  X  9  »  pitch,  which 
would  develop  19  deg.,  15  min.  as  the  angle  of  the  helix. 

12  The  third  point  was  the  form  of  the  grooves  in  the  cutter  blank. 
These  had  previously  been  planed  approximately  rectangular  in  sec- 
tion with  a  slight  amount  of  undercutting  to  hold  the  blade  and  the 
wedges  used  for  fastening  it  in  place.  It  occurred  to  one  of  us  how- 
ever that  this  grooving  of  the  cutter  blank  could  be  done  better  and 
faster  by  milling  than  by  planing,  and  that  an  undercut  groove  might 
be  produced  at  once  by  a  saw  set  in  a  certain  relation  to  the  cutter 
blank.  This  suggestion  was  soon  proved  practicable,  and  although 
the  groove  so  formed  was  not  so  easily  fitted  with  a  cutter  blade  on 
account  of  its  curved  sides,  the  curved  sides  gave  the  cutter  a  lip 
angle  which  was  of  great  value  in  actual  service.  To  form  the  blades 
accurately  to  the  shape  of  the  groove,  it  was  necessary  to  design  a 
bending  machine  of  great  power,  capable  of  squeezing  the  blades  at 
once  to  proper  form  not  only  as  helices  of  correct  pitch,  but  of  correct 
curvature  in  a  direction  normal  to  the  helix.    See  Fig.  2. 

13  This  machine  was  made  to  act  in  one  way  like  the  original 
hand-bending  machine  made  by  Mr.  Peck,  but  in  addition  to 
the  lateral  jaws  which  closed  on  the  blade  to  form  the  helix,  it  was 
provided  with  a  cap  which  snapped  quickly  upon  the  lateral  jaws, 
completely  enclosing  the  blade  that  was  being  bent  to  proper  form. 
Time  is  such  an  important  element  in  the  handling  of  high-speed  steel 
that  the  value  of  this  bending  machine,  which  was  quick  enough 
to  act  before  the  temperature  of  the  steel  had  fallen  below  the  working 
point,  can  hardly  be  over-estimated. 
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14  Special  furnaces  for  treating  our  blades  were  designed  and 
built  under  the  Taylor- White  patents,  but  we  are  not  at  present  so 
much  concerned  with  the  apparatus  for  manufacture  as  with  the 
results  obtained. 

15  The  fourth  point  for  consideration  was  the  method  of  securing 
the  blades.  Mr.  Peck's  experiments  showed  metal  wedges  to  be 
neither  satisfactory  or  economical  as  a  means  of  securing  the  blades. 
While  installed  with  ease  they  were  exceptionally  hard  to  remove 
when  necessary  to  replace  blades,  owing  to  their  tendency  to  imbed 
themselves  in  the  housing.  Furthermore,  by  driving  them  in  at 
intervals  along  the  high  speed  steel  blade  intermittent  strains  were 


FiQ.  2    High  Speed  Steel  Blade  Bent  to  Helical  Shape  and  Treated 
BY  Tatlor-Whtte  Process  Before  Insertion  in  Housing 

developed,  causing  the  blade  to  crack  and  spall  off  at  the  point  of 
contact  between  the  wedge  and  blade  when  under  cutting  pressure. 
Other  mechanical  fastenings  were  debarred  either  by  excessive  cost 
or  by  inability  to  withstand  vibration  and  remain  rigid. 

16  Experiments  were  made  with  various  alloys  until  a  proper 
combination  was  obtained,  capable  of  flowing  freely,  cooling  without 
shrinkage,  withstanding  great  strains  without  crumbling  and  being 
removed  quickly  and  economically. 

17  A  device  was  designed  for  compressing  the  alloy  in  the  slots 
after  it  had  been  poured,  and  a  device  for  removing  the  alloy  when 
replacement  of  blades  is  necessary.  With  the  alloy  compressed  in 
the  slots  we  are  able  to  secure  the  blades  in  an  anchorage  sufficiently 
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rigid  80  that  the  blades  may  be  broken  off  by  sheer  force  without 
affecting  it.  This  form  of  construction  enables  us  to  produce  a  cutter 
of  moderate  diameter  free  from  torsional  strains  and  with  a  greater 
number  of  blades  for  a  given  diameter,  and  possessing  a  capacity  in 
excess  of  the  requirements  of  high-powered  milling  machines. 

18  The  milling  cutter  in  question  will  be  referred  to  here  as  a 
"helical"  rather  than  a  "spiral"  cutter.  The  prevailing  practice 
is  to  use  these  terms  synonymously,  but  geometrically  they  are  not 
even  analogous;  a  helix  is.  a  line  generated  by  progressive  rotation 


CLEARANCE 
IP  ANGLE 


FiQ.  3    Designation  op  Cutter  Parts 

of  a  point  around  an  axis  and  equidistant  from  its  center,  while  a 
spiral  is  generated  by  progressive  rotation  of  a  point  around  a  fixed 
axis  with  a  constantly  increasing  distance  from  the  axis. 

19  Fig.  3  shows  the  meaning  of  the  following  terms:  housing- 
body  of  cutter;  abutment — support  of  blade;  metal  packing — anchor- 
age; slot;  blade;  heel  of  blade;  clearance  angle;  lip  angle;  front  slope; 
lip  surface  and  resultant  line  of  pressure.  The  side  slope  is  defined 
by  the  angle  of  the  helix. 

20  Fig.  4  shows  how  the  chip  is  partly  torn  and  partly  sheared 
from  the  body  of  the  forging,  the  cutting  edge  of  the  blade  not  being 
under  heavy  pressure.^  Our  experiments  have  shown  conclusively  that 
the  closer  the  center  of  pressure  of  the  chip  is  to  the  cutting  edge,  the 
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greater  its  intensity,  and  the  generated  heat  is  largely  concentrated  to- 
wards the  cutting  edge,  where  the  sectional  area  to  carry  it  off  is  much 
less.  Then  again  the  frictional  heat  generated  by  lack  of  back  slope 
becomes  so  great  as  to  cause  cohesion  between  the  chip  and  the  cutting 
edge.  Under  heavy  pressure  we  have  seen  a  compact  of  chip  and 
blade  which  was  virtually  inextricable,  so  that  when  disunited  from 
the  blade  the  cutting  edge  still  adhered  to  the  chip.    To  eliminate 


Fig.  4    Action  in  Rbmoying  Chip 

this  condition  where  straight  blades  are  employed,  the  practice  is  to 
set  the  front  face  of  the  blade  slightly  back  of  a  radial  plane  (see  line 
R,  Fig.  5)  to  assure  a  front  slope.  It  is  well  known  that  the  absence  of 
front  slope  eliminates  any  proclivity  which  the  lip  may  have  to  develop 
a  line  of  cleavage  and  thereby  throw  the  pressure  of  the  chip  back 
on  the  lip  surface  from  the  cutting  edge. 


Fig.  5    Constant  Lip  Angle  . 

21  Fig.  5  shows  a  constant  lip  angle  L  throughout  the  entire 
length  of  the  blade,  which  is  set  at  an  angle  of  20  deg.  to  an  axial  plane, 
this  angle  remaining  constant  throughout  any  length  by  reason  of 
the  blade's  curvature. 

22  Fig.  6  shows  a  varying  lip  angle  L  from  maximum  at  line  Rl  to 
minimum  at  line  R2  in  a  straight  blade  set  at  an  angle  of  20  deg.  to 
an  axial  plane.    This  condition  limits  the  length  of  blades. 
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23  In  Fig.  7  a  straight  blade  is  set  in  a  plane  radiating  from  the 
axis,  designated  by  line  Rl,  and  by  carrying  it  across  the  face  of  the 
housing  at  an  angle  set  at  20  deg.  to  an  axial  plane.  You  may  observe 
the  development  from  no  front  slope  to  a  positive  front  slope,  desig- 
nated by  the  letter  S.  In  milling,  a  blade  with  this  irregularity  in  the 
front  slope^causes  the  cutter  to  drag  on  one  side  and  gouge  on  the  other. 
Blades  of^this  type  cause  excessive  vibration  to  the  cutter,  due  to 
the  varying  angle  of  the  front  slope,  and  necessarily  consume  more 
power.     It  has  been  contended  that  by  nicking  the  blades  to  alleviate 


Pia.  6   Varying  Lip  Angle 

the  tendency  of  the  blade  to  gouge  and  drag,  and  to  define  a  more 
even  pressure  throughout  the  line  of  the  cutting  edge,  less  power 
would  be  required  to  drive  the  cutter;  the  assumption  being  that 
less  power  would  be  consumed  in  breaking  up  the  chip  than  would 
be  required  by  a  continuous  cutting  edge  producing  a  continuous  chip. 


Varying  Front  Slope 


24  We  diJBfer  with  this  contention,  having  demonstrated  conclu- 
sively by  experiments  that  the  initial  fault  is  caused  by  absence  of 
front  slope,  and  that  an  undesirable  feature  is  developed  by  nicking 
the  blades.  The  blade  behind  the  nick  whose  cutting  edge  covers 
the  gap  formed  by  a  nick  in  the  blade  preceding  must  accept  double 
the  feed;  this  causes  chatter  and  produces  an  uneven  machined 
surface. 
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25  It  is  also  a  fact  that  when  a  rectangular  slot  is  cut  in  the  face 
of  a  housing  at  an  angle  of  20  deg.  to  an  axial  plane,  its  depth  becomes 
gradually  less  as  it  progresses  across  the  face,  until  it  reaches  a 
vanishing  point  designated  by  lines  A  and  B  in  Fig.  7.  This 
condition  not  only  limits  the  width  of  the  cutter  and  necessitates 
a  housing  of  large  diameter  when  a  medium  width  of  cutter  is 
required,  but  develops  an  anchorage  possessing  the  required  strength 
and  rigidity  at  one  side  and  decreasing  in  proportion  to  the  length 
of  blades  at  the  other.  Where  a  wide  face  is  required  it  is  neces- 
sary to  construct  a  cutter  composed  of  a  number  of  sections. 

26  Fig.  8  illustrates  a  cutter  with  straight  inserted  blades  made 
up  in  sections,  each  alternate  blade  overlapping  the  blades  in  the 
opposite  section,  so  as  to  obtain  the  desired  width  of  face.    The  sec- 


FiG.  8    Overlapping  Inserted  Blades 

tions  are  so  set  that  the  cutting  edge  forms  a  continuous  line.  Above 
the  cutter  is  a  diagram  showing  the  relation  of  the  blades  in  one  section 
to  those  in  the  other. 

27  Too  much  stress  cannot  be  laid  on  the  use  of  a  lubricant  during 
the  process  of  milling.  A  copious  stream  of  lubricant  falling  at  slow 
velocity  should  be  thrown  directly  upon  the  chip  at  the  point  of 
removal.  Heat  generated  by  the  pressure  of  the  chip  is  the  chief 
cause  for  wear,  and  if  allowed  to  become  too  great  it  will  soften  the 
lip  surface  of  the  blades  and  cause  them  to  crumble  or  spall  off.  An 
ample  supply  of  lubricant  during  the  milling  operation  carries  off  the 
heat,  materially  lessening  the  dulling  of  the  cutting  edges. 

28  From  our  experiments  and  those  of  others  it  has  been  conclu- 
sively shown  that  a  gain  of  33  per  cent  in  the  cutting  speed  in  milling 
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steel  and  wrought  iron  is  made  by  throwing  a  heavy  stream  of  lubri- 
cant upon  the  cutter  and  along  its  entire  face;  and  a  gain  of  15  per 
cent  in  milling  cast  iron.  The  piping  for  conveying  the  lubricant  to 
the  milling  cutter  should  be  arranged  with  nozzles  spaced  about  4  in. 


FiQ.  9    Steel  Chips  Milled  From  0.57  Per  Cent  Carbon  Steel  Forqing 
18  IN.  Wide  at  the  Rate  of  47J  cu.  in.  Per  Min. 

THB8B  CHIPB  VARY  PROM  14  IN.  TO  16^  IN.  IN  LBNOTH 


apart,  in  sufficient  number  to  cover  the  face  of  the  cutter.  The  main 
supply  pipe  to  the  nozzles  should  be  large  enough  to  supply  each 
nozzle  with  from  two  to  three  gallons  of  lubricant  per  minute.  The 
general  arrangement,  size  of  supply  pipe  and  number  of  nozzles  will 
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be  regulated  by  the  width  of  the  machine  and  the  nature  of  the  work 
to  be  done. 

29    In  the  more  recent  designs  of  slab  milling  machines  due  con- 
sideration has  been  given  to  lubrication.    The  platen  is  drained  by 


Fio.  10    Cast  Iron  Chips  Milled  From  a  Surface  14  in.  Wide. 

THB8B  CHIPS  WBRB  RBf OVBD  AT  THB  RATB  OW  105  CU.  IJ«.  FKB  MDf.  AND  A8  A  WHOLE  ABB 
STRAiaHT  AND  CYLINDRICAL  IN  BHAPB.  THBT  AVBRAOB  ABOUT  12  Of.  IN  LBNOTH  AND  ABB 
BTBONQ  BNOUOH  TO  SUPPORT  THBMSBLVBS  WHEN  STANDING  ON  BND. 


gravity  to  a  tank  located  at  the  side  of  the  machine,  from  which  the 
lubricant  is  raised  by  a  pump  to  a  reservoir  formed  by  the  cross  piece 
at  the  top  of  the  housings,  to  which  is  attached  the  nozzle  bracket 
that  conveys  the  lubricant  to  the  required  point  of  gravity, 
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Fig.  11     Bement-Miles  High-Powered  Milling  Machine 


FiO.  12    Machinb  at  Completion  of  Cut 
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30  In  the  tabulated  tests  the  amount  of  power  consumed  by  the 
milling  machine  will  be  given  as  read  from  the  voltmeter  and  ammeter. 
Dynamometer  readings  of  the  actual  power  exerted  at  the  spindle, 
or  the  power  consumed  by  friction  in  the  gearings  and  bearings,  will 
not  be  given  consideration;  the  user  being  most  interested  in  the 
commercial  readings  that  indicate  the  power  for  which  he  has  to  pay. 

31  Credit  is  due  the  Bement-Miles  Works  of  the  Niles-Bement- 
Pond  Company,  of  Philadelphia,  for  the  use  of  various  t}'pes  of  high- 
powered  milling  machines,  and  valuable  assistance  in  carrying  out 
experiments  and  tests. 

32  The  authors  regret  that  in  order  to  present  the  above  data 
at  the  annual  meeting  of  1908  it  has  been  impossible  to  complete 
experiments. 
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DISCUSSION 

Mk.  Fred  J.  Miller  Most  of  us  are,  of  course,  familiar  with  the 
fact  that  milling  cutters  were  first  used  generally  for  producing  forms 
otherwise  diflScult  to  produce  at  reasonable  cost.  Parts  of  smaU 
arms  and  similar  things  were  thus  produced  as  the  next  step  in  ad- 
vance of  filing  them  to  the  required  form  and  dimensions.  Cutting 
•  the  teeth  of  gear  wheels  was  one  of  the  first  if  not  the  very  earliest  use 
of  the  milling  cutter. 

2  In  all  such  work  the  form  of  the  cutter  and  the  ability  to  keep  it 
near  its  original  form  until  worn  out  were  the  chief  considerations; 
as  indeed  they  still  are  for  many  kinds  of  work.  This,  more  than 
anything  else,  probably,  has  led  to  the  almost  universal  use  of  the 
radial  front  face  for  the  teeth  of  milling  cutters;  because  only  by 
having  radial  front  faces  could  the  problems  connected  with  forming 
cutters  and  maintaining  their  forms  be  sufficiently  simplified  to  be  at 
all  practicable.  This  seems  to  have  led  to  what  may  be  called  the 
traditional  practice  of  making  the  front  faces  radial  in  all  cutters 
— even  in  the  plain,  solid,  spiral  cutters  whose  only  oflSce  is  to  remove 
metal  from  a  plane  surface  and  which  can  as  well  be  made  and 
sharpened  if  they  have  front  rake  as  with  radial  surfaces  for  the  front 
of  the  teeth. 

3  Radial  surfaced  teeth  can  scarcely  be  said  to  cut.  They  push 
and  jam  the  metal  off.  When  hea^-y  cuts  are  taken,  this  jamming 
becomes  a  serious  matter  and  front  rake  is  almost  a  necessity.  Even 
a  little  front  rake  is  very  advantageous  when  the  mere  removal  of 
metal  from  a  plane  surface  is  the  object  sought  and  it  seems  likely 
that  such  rake  will  become  as  common  for  milling  cutters  used  on 
such  work  as  it  now  is  for  lathe  and  planer  tools  and  for  the  same 
reason. 

Mr.  Obbrun  Smith  I  want  to  ask  the  authors  of  this  paper  what 
they  found  to  be  the  best  lubricants  (or  "  coolicants ")  for  cast-iron, 
for  mild  steel  and  for  brass  respectively,  also  the  best  angle  of  rake, 
that  is  the  angle  with  the  radial  line,  in  lathe-work,  etc.,  respectively 
for  the  three  metals  mentioned. 

2  Changing  the  subject  a  little,  I  ask  the  membership  in  general 
if  they  have  had  any  experience  either  with  boring  toolsor  milling- 
cutters  made  by  inserting  a  set  of  blades  into  grooves  in  wooden 
patterns,  and  molding  them  so  that  they  remain  in  the  sand  for  the 
casting  of  a  hub  or  body  about  them,  the  same  being  hollow  to  go  on  a 
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boring-bar  or  having  a  shank  of  its  own  to  insert  in  a  mUling-machine 
spindle.  I  had  some  experience  years  ago  in  making  such  tools  of 
from  three  to  nine  inches  in  diameter  of  mushet  steel,  finished  in  a 
grinding-lathe.  It  is  not  practicable  to  use  carbon  steel,  as  heating  it 
for  hardening  is  apt  to  crack  the  iron  hubs.  No  doubt  this  scheme 
has  been  tried  by  a  good  many  people,  but  with  what  success? 

3  Doubtless  high-speed  steel  cutters  could  be  cast  in  this  way, 
provided  the  heat  of  the  cast-iron  would  not  anneal  them  too  much. 
That  is  a  point  to  ask  Mr.  Taylor  or  Mr.  Lewis  about,  or  any  one  who 
has  found  out  anything  about  it.  Is  there  any  practical  way  of 
using  high-speed  cutters,  and  casting  them  into  a  hub  of  iron?  It 
is  obvious  that  a  large-toothed  cutter  can  be  made  more  cheaply  in 
this  way  than  in  any  other,  but  we  do  not  want  the  slow  speeds  of 
mushet  steel. 

Mr.  Fred.  W.  Taylor  The  writers  of  this  paper,  as  well  as  that 
of  Mr.  DeLeeuw,  speak  of  the  ''lubricant"  used  upon  the  tool  and 
Mr.  Oberlin  Smith  has  just  spoken  of  the  best  ''lubricant"  to  use  on 
a  tool.  In  taking  a  heavy  cut  with  a  tool,  in  fact  in  doing  any 
metal  cutting  in  which  a  chip  runs  continuously  across  the  lip- 
surface  of  a  tool  (except  in  the  case  of  a  light  finishing  cut)  is  it 
possible  to  get  any  lubricant  between  the  chip  and  the  tool?  In 
cutting  steel  the  tool  receives  a  pressure  from  the  chip  of  about 
180  000  lb.  per  square  inch  at  the  spot  where  the  chip  rubs  upon  it; 
Is  it  possible  to  get  any  lubricant  between  two  s\irfaces,  one  of 
which  is  forced  against  the  other  with  a  pressure  of  180  000  lb.  per 
square  inch  on  an  average,  and  in  which  one  surface  is  continuously 
moving  past  the  other  at  the  rate,  we  will  say,  of  40,  50,  60  or  70 
ft.  a  minute? 

2  I  think  this  is  utterly  impossible  when  the  nose  of  a  tool  is 
buried  in  the  steel  as  it  is  in  taking  a  roughing  cut.  The  word 
"lubricant"  is  a  survival  from  the  practice  of  pouring  a  light  trick- 
ling stream  of  water  or  oil  on  a  finishing  tool  from  a  small  water  can 
supported  above  the  tool,  the  function  of  the  water  or  oil  being  to 
produce  a  polishing  or  burnishing  effect  upon  the  work.  Water 
was  not  used  in  this  way  to  cool  the  tool  and  was  confined  to  finish- 
ing tools.  Doubtless  under  a  light  finishing  or  scraping  cut  at  the 
last  instant  a  small  amount  of  water  or  oU  does  find  its  way  between 
the  tool  and  the  work. 

3  On  heavy  roughing  cuts,  it  is  impossible  to  get  any  lubricants 
between  the  chip  and  the  tool  surface.     It  is,  however,  possible  and 
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desirable,  in  almost  all  roughing  cuts,  to  have  either  water  or  oil 
thrown  upon  the  chip  and  the  tool  for  the  purpose  of  cooling  them, 
since,  as  pointed  out  by  the  writer  in  his  paper.  On  the  Art  of  Cutting 
Metals,  a  tool  cooled  in  this  way  can  cut  from  15  to  40  per  cent  faster 
than  a  tool  running  dry.  Cold  water  is  the  best  conductor  of  heat, 
better  than  any  of  the  oils,  therefore  it  is  the  best  of  the  cheap  cool- 
ing-mediums to  throw  onto  a  tool.  The  only  object  of  putting  soap 
in  the  water  on  heavy  cuts,  or  of  putting  soda  in  the  water,  is  to  stop 
rusting  on  the  machine  or  work  when  the  water  splashes  over.  Cold 
water  is  the  proper  thing  to  pour  on  a  milling-machine  of  this  type. 
It  cools  better  than  any  other  cheap  material  known,  and  the  cooler 
it  is  the  better.  The  use  of  soda  in  water,  or  the  substitution  of  oil 
for  water  on  roughing  cuts,  is  merely  to  stop  rusting. 

Mr.  a.  L.  DeLeeuw  Mr.  Taylor's  remarks  upon  lubricants  brings 
to  mind  an  experience  I  had  just  about  one  year  before  the  famous 
Taylor- White  steel  was  brought  out.  High  speed  for  tools  was  in  the 
air,  and  I  tried  to  get  results  which  have  since  been  accomplished  in  an 
entirely  different  w&y,  by  simply  cooling  the  tool  and  the  chip. 
Realizing  that  it  was  impossible  to  force  a  lubricant  of  any  kind 
between  the  tool  and  the  chip,  and  that  at  the  same  time  forcing  the 
lubricant  somewhere  else  would  not  cool  the  cutting  point  of  the  tool 
sufficiently  to  keep  it  from  burning  out,  I  had  a  ring  constructed  and 
attached  to  the  compressed  air  supply.  The  ring  was  provided  with  a 
number  of  small  holes  focusing  at  a  common  center  and  so  adjusted 
on  the  lathe,  as  to  bring  the  focus  of  all  these  small  streams  of  air 
some  little  distance  from  the  tool  point.  The  air  expanded,  forming 
a  center  of  refrigeration  easily  determined  by  a  thermometer  or  by 
the  finger.  By  adjusting  the  ring  in  such  way  that  the  center 
of  refrigeration  coincided  with  the  cutting  point  of  the  tool,  it  was 
possible — and  that  was  a  year  before  the  high-speed  steels  were 
brought  out — to  turn  cast  iron  which  had  been  rejected  on  account  of 
its  hardness,  at  the  rate  of  168  ft.  a  minute,  and  I  do  not  know  how 
much  faster,  because  the  lathe  would  not  pull  it.  It  was  even  possible 
to  run  steel  at  the  rate  of  260  ft.  a  minute,  and  I  do  not  know  how 
much  faster  it  might  have^^been  run,  if  the  lathe  had  allowed  it. 

2  This  brings  out  strongly  the  same  point  Mr.  Taylor  has  made,  that 
the  lubricant  simply  cools  the  tool.  There  is  no  object  in  cooling  the 
chip,  but  of  course  we  cool  the  tool  by  keeping  the  chip  cool. 

Mr.  Oberun  Smith  I  want  to  go  the  gentleman  who  has  just 
spoken  one  better.    Some  years  ago,  before  high-speed  steels  came  up, 
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I  came  to  the  conclusion  that  all  that  is  wanted  is  to  cool  the  tool. 
The  coolest  thing  I  could  get  was  liquid  air.  Procuring  a  can  con- 
taining 15  gal.,  and  taking  every  precaution  to  keep  it  in  a  liquid  con- 
dition, 1  rigged  up  on  a  lathe  an  ordinary  two-quart  can  with  a  J  in. 
pipe  and  spigot,  and  filled  it  with  liquid  air.  I  covered  it  with  flan- 
nels, and  tried  to  get  some  of  it  on  the  tool,  but  it  would  not  run. 
The  reason  of  course  was  that  it  expanded  «o  fast  in  the  small  pipe 
that  as  a  gas  it  pushed  the  liquid  back  into  the  can  and  held  it  there. 
The  pressure  upon  the  atmosphere  was  so  violent  that  it  held  against 
a  head  of  several  inches.  I  then  put  in  a  f-in.  pipe,  but  it  would  not 
run.  With  a  ^in.  pipe  it  did  run  but  of  course  my  supply  did  not 
last  very  long. 

2  I  have  not  any  accurate  records  of  just  what  speeds  were 
obtained,  but  I  did  get  a  great  deal  higher  speed  than  with  usual 
ordinary  carbon  steel.  With  a  one-inch  drill  the  speed  could  be 
doubled  in  cast-iron.  The  liquid  did  not  get  well  down  among  the 
chips,  but  if  it  had  been  forced  down  even  greater  results  might  have 
been  obtained.  If  liquid  air  were  properly  handled  and  forced 
against  the  tools  it  would  probably  be  the  best  cooling-agent  we  could 
secure.  This,  however,  would  seem  wholly  impracticable  on  the 
score  of  expense.  If  it  could  be  forced  immediately  to  the  machines 
it  might  be  effective,  but  in  the  ordinary  machine-shop  we  start  and 
stop  the  tools  frequently,  and  where  the  pipes  would  have  to  be  kept 
well  insulated  to  keep  the  liquid  from  getting  warm  it  doubtless  would 
not  be  feasible. 

3  I  had  thought  of  patenting  the  combination  of  liquid  air  with 
a  lathe  milling-machine,  etc.,  but  Mr.  Taylor's  high-speed  steel  came 
out  and  cooled  my  enthusiasm  below  the  temperature  of  the  air. 
I  now  hereby  give  the  invention  freely  to  the  world — if  I  am  the 
original  inventor  of  it — because  I  do  not  know  whether  it  is  really 
good  for  anything,  and  it  is  too  much  trouble  to  find  out. 

4  It  is  an  dpen  question  whether  steel  gets  brittle  at  low  teippera- 
tures  and  would  become  so  if  cooled  by  liquid  air.  The  metal  being 
cut,  and  the  tool  itself,  would  probably  become  heated  enough, 
however,  so  that  there  would  not  be  this  effect. 

Mr.  A.  B.  Carhart  The  subjects  of  lubricants  may  be  a  little 
apart  from  the  main  purpose  of  the  paper,  but  the  subjectshould  not 
be  ahowed  to  drop  where  it  is,  after  the  remarks  of  Mr.  Taylor. 
Why  have  great  advantages  been  claimed  for  many  years  for  lard  oil 
and  it3  compounds  for  lubrication  in  milling  machine  operations? 
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The  advantages  of  kerosene  mixtures  are  recognized  for  cutting  alumi- 
num, bronze  castings  and  such  metals.  The  greater  conductivity  of 
the  lighter  oil  is  easily  recognized,  but  is  there  no  other  reasonable  ex- 
planation of  the  predilection  in  favor  of  kerosene  over  the  other  oils; 
and  aside  from  the  rusting  tendencies  of  clear  water  are  there  no 
reasons  why  mixtures  of  water  with  various  skim  milk  compounds 
offered  as  substitutes  for  lard  oil  have  any  real  value?  If  there  are 
no  advantages  in  oil  other  than  its  non-corrosive  qualities,  why  is  it 
tliat  so  much  of  the  cutting  oil  on  the  market  is  so  strongly  corrosive 
of  the  machine  tool  members? 

Prop.  R.  T.  Stewart  In  regard  to  lubrication  under  high  pres- 
sures, there  are  industries  in  which  that  is  effective,  for  example, 
in  the  cold-drawing  of  seamless  steel  tubes;  if  you  attempted  to  draw 
steel  tubes  without  lubrication,  the  effort  would  be  futile.  If  you 
want  a  reduction  in  cross-section  of  say  5  to  10  per  cent,  you  may 
use  one  lubricant  successfully;  but  if  you  wish  to  get  a  reduction  in 
crass-section  of  say  25  or  30  per  cent,  by  cold  drawing,  you  have  to 
use  another  lubricant,  one  that  is  better  adapted  to  the  purpose. 
I  have  effected  reductions  in  cross-sections  of  33§  per  cent,  by  cold- 
drawing  the  tube  through  a  die  and  over  a  mandril,  when  using  a 
proper  lubricant. 

2  I  should  not  be  surprised,  though  1  have  had  no  considerable 
experience  in  using  lubricants  with  tools,  if  even  there  they  had  an 
effect.  I  do  not  know  what  the  surface  pressure  is  in  drawing  a  seam- 
less steel  tube,  but  it  must  be  fully  as  great  as  the  pressure  required  to 
lift  the  chip  in  tool-cutting.  Seamless  tubes  have  been  drawn  of  high 
carbon  steel,  and  I  should  think  in  that  case  the  pressure  would  be 
in  the  neighborhood  of  150  000  lb.  per  sq.  in.,  at  least,  and  the  tubes 
were  drawn  quite  successfully  by  the  use  of  proper  lubricants.  With- 
out the  use  of  lubricants,  they  could  not  be  drawn. 

Mr.  Fred.  W.  Taylor  It  appears  to  me  that  the  two  cases  are 
not  in  any  way  parallel.  In  the  tube-drawing  the  lubricant  can  be 
put  on  the  tube  before  it  starts  into  the  die  and  a  certain  amount  of 
it  will  remain  upon  it  while  it  passes  through  it.  But  how  is  it 
possible  to  make  a  lubricant  run  uphill  to  the  nose  of  a  roughing-tool 
which  is  ploughing  its  way  into  a  forging  and  is  completely  buried 
at  all  times  beneath  the  chip?  It  would  be  necessary  for  the  lubri- 
cant to  force  its  way  uphill  between  two  surfaces  under  180  000  lb. 
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pressure.  The  nose  of  the  tool  is  buried  at  all  times  beneath  the  chip 
and  the  chip  travels  down  on  top  of  the  tool  continuously  at  the  rate, 
say  of  60  ft.  per  minute.  It  would  be  quite  as  impossible  in  the  case 
of  tube-drawing  to  force  the  oil  up  through  the  bottom  or  rear  end 
of  the  die  between  the  die  and  the  tube. 

Prof.  R.  T.  Stewart  I  believe  it  is  the  practice  in  milling  to 
apply  the  lubricant  so  that  it  comes  in  contact  with  the  cutter  before 
it  enters  the  metal,  and  some  of  it  will  surely  cling  to  the  cutter, 
just  as  in  drawing  seamless  tubes.  I  had  in  mind  the  case  illus- 
trated in  the  paper,  which  is  upon  milling  cutters.  In  milling  it 
is  always  possible  to  apply  the  lubricant  to  the  cutter. 

Mr.  Fred.  W.  Taylor  In  my  preceding  remarks  I  had  in  mind 
a  lathe  tool.  In  the  case  of  a  milling-cutter  I  stand  corrected  by 
Professor  Stewart — it  is  possible  to  get  a  lubricant  onto  the  lip  sur- 
face of  a  milling-cutter  before  it  starts  into  its  cut  and  in  doing  fine 
finishing-work  with  a  milling-cutter  a  lubricant  is  frequently  desir- 
able. The  large  milling-cutter  under  discussion  is  for  taking  heavy 
cuts  and  in  its  case  the  lubricant  is  of  no  use.  In  using  this  cutter 
properly  an  enormous  stream  of  water  is  thrown  on  the  blades  for 
the  purpose  of  cooling  them  so  as  to  get  a  higher  cutting-speed. 

2  Answering  Mr.  Smith's  question  as  to  the  possibility  of  pouring 
cast-iron  around  a  high-speed  blade,  if  you  treat  the  blade  so  as  to 
give  it  the  best  high-spe^  properties,  it  must  be  heated,  say,  to  a 
high  heat  between  2000  and  2400  deg.  fahr,,  and  then  cooled  con- 
tinuously to  below  1200  deg.  If  during  the  process  of  cooling 
from  the  high  heat  down  to  below  1200  deg.  it  is  reheated,  even  for 
a  short  time,  the  high-speed  property  wiU  largely  disappear,  and 
if  during  this  cooling  operation  it  is  reheated  for  the  space  of  a  few 
minutes,  its  high-epeed  is  almost  entirely  lost.  Suppose  you  give 
a  blade  its  high-speed  properties  by  heating  it  to  a  temperature  of 
2400  deg.  and  allowing  it  to  cool,  and  then  put  this  blade  back  into 
molten  iron  which  is  at  a  temperature,  say,  of  1800  deg.  This 
reheating  would  largely  destroy  the  high-speed  properties  of  the 
blade.  If  high-speed  steel  is  heated  beyond  1260  deg.  and  held 
there  for  two  minutes,  the  high-speed  qualities  will  be  almost  entirely 
gone.  And  they  will  begin  to  return  to  the  blade  a  second  time 
only  after  a  temperature  of  1725  deg.  has  been  passed.  Then  again, 
even  although  its  high-speed  properties  were  partially  restored  to 
it  by  heating  it,  say,  to  1800  deg.  the  grain  would  be  coarsened  to 
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a  great  extent.  If  high-speed  steel  is  held  at  a  heat  above  1800  deg. 
for  even  ten  minutes  it  will  deteriorate,  and  if  held  there  for  an  hour 
it  will  become  about  as  brittle  as  chalk. 

3  For  cutting  brass  the  tool  should  have  very  little  if  any  back- 
slope  or  side-slope.  A  brass-cutting  tool  should  be  almost  a  scraper. 
Its  cutting-edge  should  not  be  rounded  out  in  the  least,  however, 
or  allowed  to  be  in  the  least  dull.  Brass  tools  should  for  the  most 
part  be  whetted  after  being  ground.  For  phosphor-bronze  the  rate 
must  be  different.  Tools  for  cutting  steel  as  hard  as  fire  steel  or  harder 
should  have  5-deg.  back-slope  and  9-deg.  side-slope.  For  cutting 
cast-iron  and  medium  steel  they  should  have  8-deg.  back-slope  and 
14-deg.  side-slope;  for  mild  steel,  8-deg.  back-slope  and  22-deg.  side- 
slope. 

Prof.  J.  Burkitt  Webb  suggested  in  regard  to  the  plan  proposed 
for  using  liquid  air  as  a  cooling-agent  that  it  might  be  as  well  to 
conduct  the  air  through  the  pipes  before  it  was  liquefied,  and  allow 
it  to  liquefy  in  a  spray  as  it  came  from  the  nozzle.  It  would  be 
better  than  water  in  some  respects  as  it  would  not  require  a  drain- 
pipe to  get  rid  of  the  waste.  He  asked  if  experiments  bad  been 
made  to  ascertain  how  long  oil  will  stick  to  the  surface  of  cutting 
tools.  He  referred  to  the  operation  of  his  viscous  dynamometer 
in  which  metal  discs  revolve  rapidly  in  a  case  filled  with  water, 
which  is  constantly  supplied  fresh  to  keep  it  from  heating  unduly. 
The  hands  of  experimenters  had  of  course  been  in  contact  with  oily 
tools,  but  had  been  wiped  as  clean  as  possible  with  new  cotton  waste; 
yet  it  was  found  that  oil  enough  remained  on  the  hands  to  lubricate 
instantly  the  stream  of  water  supplying  ^the  case,  and  reduce  the 
friction  10  per  cent.  On  removing  the* hand,  the  friction  would 
creep  back  to  normal  in  a  minute  or  two. 

Mr.  Fred.  J.  Miller  As  to  the  pressure  between  the  cutting  tool 
and  chips,  why  is  it  when  you  cut  steel  dry  the  surface  of  the  chip  is 
rough  and  dry,  and  when  you  put  water  on  it  the  surface  which  has 
been  in  contact  with  the  cutting  tool  is  polished? 

2  We  all  know  that  in  chasing  threads  in  the  lathe,  especially  on 
tool  steel,  lard  oil  will  enable  results  in  the  way  of  a  smooth  surface 
which  are  not  obtainable  by  lubricating  oils  or  so  far  as  I  know  with 
any  other  substance.  If  Mr.  DeLeeuw  noticed  whether  the  surface 
of  the  chips  which  were  turned  from  his  steel  at  the  rate  of  250  ft.  per 
min.  were  smooth  as  when  a  lubricant  is  used,  or  whether  they  were 
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rough  tw  is  ordinarily  the  case  when  turned  dry,  it  would  throw  light 
upon  this  matter. 

The  Authors  In  presenting  this  paper  the  authors  were  weU 
aware  that  they  had  hardly  begun  to  demonstrate  the  possibilities  of 
high-speed  steel  in  a  milling  cutter  of  the  type  described,  and  their 
chief  object  in  bringing  it  to  the  attention  of  the  Society  was  to  reap 
the  benefit  of  discussion.  We  are  very  much  pleased,  therefore,  to 
adopt  the  suggestions  made  by  Mr.  Miller  in  regard  to  the  tabulation 
of  results. 

2  We  want  to  know,  of  course,  the  maximum  performance  of  a 
milling  cutter  per  inch  of  face  for  every  size  of  cutter  made.  This 
naturally  depends  upon  the  strength  of  the  cutter  blade  when  the 
cutter  is  short  and  on  the  strength  of  the  arbor  when  the  cutter  is  long. 
We  do  not  yet  know  on  what  length  of  cutter  the  full  strength  of  the 
driving  arbor  can  safely  be  thrown,  but  from  experiments  we  believe 
that  the  3^in.  arbor  used  to  drive  our  8-in.  cutter  18  in.  long  would 
be  overloaded  before  the  cutter  blades,  on  an  evenly  distributed  cut. 

3  We  also  know  that  the  cutting  speeds  were  very  low,  and  that 
with  more  power  and  higher  cutting  speeds  our  results  might  easily 
be  multiplied  two  or  three  times.  The  present  problem  is  not  what 
the  cutter  can  do,  but  how  it  can  be  driven  at  its  full  capacity.  The 
discovery  of  high-speed  steel  has  immediately  created  a  general 
demand  for  more  powerful  machine  tools,  but  its  adaptation  to  mill- 
ing cutters  has  progressed  more  slowly  and  there  are  no  milling 
machines  on  the  market  today  capable  of  driving  our  cutter  to  its 
full  capacity. 

4  Though  we  do  not  yet  know  the  capacity  of  our  cutter  blades 
per  inch  of  length,  we  can  estimate  pretty  nearly  on  the  capacity 
of  a  driving  arbor  3^  or  4  in.  in  diameter  and,  allowing  20  000  lb. 
per  square  inch  as  a  permissible  shearing  stress  in  a  4-in.  arbor,  we 
find  it  capable  of  driving  a  cut  of  about  60  000  lb.  on  the  periphery 
of  an  8-in.  cutter.  Our  cutting  speeds  on  steel  varied  from  50  to  80 
ft.  per  minute  without  distressing  the  cutter  blades  at  all  and  without 
any  discoloration  of  the  chips,  the  maximum  thickness  of  which 
seldom  exceeded  0.005  in. 

5  In  Mr.  Taylor's  treatise.  On  the  Art  of  Cutting  Metals  60  ft., 
is  given  as  the  proper  cutting  speed  for  a  jV^^  cut,  A -in.  feed; 
in  Paragraph  1186  it  appears  that  the  same  cut  can  be  taken  with 
a  straight  cutting-edge  1  in.  long  at  40  per  cent  higher  speed,  or  a 
speed  of  84  ft.,  and  in  the  latter  case  the  thickness  of  the  chip  is  0.017 
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in.  It  also  appears  that  by  the  use  of  water  this  cutting  speed  might 
be  increased  to  110  ft.,  all  on  33-carbon  steel.  In  our  milling  cutter, 
however,  we  have  a  shaving  not  one-third  as  heavy,  and  each  blade 
cuts  about  5  per  cent  of  the  running  time  and  cools  off  under  a  stream 
of  water  during  the  remaining  95  per  cent.  The  conditions  are  there- 
fore particularly  favorable  for  a  high  cutting-speed  and  it  would  not 
be  at  all  surprising  if  we  could  take  a  cut  of  60  000  lb.  at  a  speed  of 
150  or  180  ft.  a  minute.  This  means  that  300  h.p.  might  be  consumed 
in  milling  and  that  with  an  efficiency  of  75  per  cent  in  the  milling 
machine  400  h.p.  might  be  required  to  drive  it.  Such  enormous 
power  concentrated  on  an  8-in.  cutter  may  yet  be  realized,  but  the 
problem  will  be  to  design  bearings  that  will  carry  60  000  lb.  at  a  speed 
of  75  or  80  r.p.m.  They  cannot  be  very  long  to  distribute  such  a 
load  properly  and  must  be  kept  cool  under  about  1000  lb.  per  square 
inch.  A  machine  with  half  this  driving  power  would  be  far  beyond 
common  practice  today  and  it  is  pretty  safe  to  predict  that  our  milling 
cutter  will  exceed  in  capacity  any  machine  that  may  be  built  for 
some  time  to  come,  except  of  course  when  the  cutters  are  short  and 
the  strength  of  the  cutter  blades  becpmes  the  limiting  factor. 

6  So  much  for  the  future  development  of  the  milling  machine; 
but  the  all-important  factor  of  interest  to  the  user  of  the  present 
type  of  milling  machine  is,  how  does  this  cutter  compare  with  the 
various  types  of  inserted  blade  cutters  now  in  use.  We  have  car- 
ried out  a  series  of  comparative  tests  with  various  tjrpes  of  inserted 
blade  cutters  and  have  found  that  when  operated  under  exactly  the 
same  conditions  our  cutter  showed  a  saving  of  50  per  cent  in  con- 
sumption of  power  for  a  given  amount  of  material  removed,  and 
that  the  life  of  the  cutting  edge  of  the  blades  was  double  that  of 
other  types  of  cutters  where  straight  inserted  blades  were  employed. 

7  The  values  of  various  lubricants  and  the  effects  of  various  lip 
angles  on  different  materials  are  questions  so  thoroughly  answered 
by  Mr.  F.  W.  Taylor  that  we  need  say  nothing  further. 
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No.  1217 

METAL  CUTTING  TOOLS  WITHOUT 
CLEARANCE 

Bt  Jambs  Hartness,  Springfield,  Vt. 
Member  of  the  Society 

This  paper  sets  forth  a  turning  tool  that  is  intended  to  cut  without 
clearance. 

2  It  consists  of  a  cutter  and  a  holder  so  constructed  as  to  allow  the 
cutter  a  slight  oscillatory  freedom  in  the  holder.  The  center  line  on 
which  the  cutter  oscillates  is  substantially  coincident  with  the  cutting 
edge.  The  oscillation  of  the  cutter  about  the  center  line  does  not 
affect  the  position  of  the  edge,  but  it  does  allow  the  face  of  the  cutter 
to  swing  around  to  conform  to  the  face  of  the  metal  from  which  the 
chip  is  being  severed. 

3  The  objects  of  this  construction  are  to  make  possible  the  use  of 
more  acute  cutting  edges  in  order  to  reduce  the  cutting  stresses;  to 
equalize  wholly  or  partly  the  unbalanced  side  pressure  on  the  cutting 
edge,  and  to  obtain  a  rubbing  contact  to  prevent  lateral  quivering. 

4  In  order  to  bring  out  these  objects  it  is  necessary  to  analyze 
briefly  some  of  the  conditions  under  which  metal  is  worked  in  a  lathe, 
dealing  particularly  with  cutting  angles,  clearance  of  cutting  edges, 
and  the  importance  of  minimizing  the  tendency  of  the  work  and  tool 
to  separate  under  cutting  stresses. 

5  No  attempt  is  made  to  discuss  the  forms  of  cutting  edges  for 
withstanding  the  heat  of  high  speed  service.  High  speed  tool  forms 
have  been  ably  and  perhaps  conclusively  treated  in  the  paper  by  Mr, 
Fred.  W.  Taylor  and  its  discussion,  and  in  the  papers  of  Dr.  Nicolson 
before  this  Society  and  before  the  Manchester  Association  of  Engineers. 

6  The  generally  accepted  cutting  angle  of  greatest  endurance 
under  high  speed  is  about  75  deg.,  and  the  angle  of  least  resistance. 

Presented  at  the  New  York  Meeting  (December  1908)  of  The  American 
Society  of  Mechanical  Engineers. 

References  mentioned:  Dr.  J.  T.  Nicolsoo's  papers  in  Transactions  of  Man- 
chester Association  of  Engineers,  1903,  and  in  Transactions  of  this  Society,  p.  637. 
vol.  25,  1904;  Mr.  Fred.  W.  Taylor's  paper,  p.  31,  vol.  28,  1907;  also  cuts  <  ii 
p.  333  in  Dr.  Nicolson's  discussion  of  Mr.  Taylor's  paper. 
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according  to  some  of  Dr.  Nicolson's  tests,  is  about  60  deg.,  with  an 
increase  below  as  well  as  above  that  angle. 

7  The  cutting  angles  of  the  tool  described  in  the  present  paper 
may  be  varied  from  the  present^  orthodox  angles  down  to  30  deg.  or 
less,  according  to  the  nature  of  the  work. 

8  The  results  obtained  by  Dr.  Nicolson,  which  showed  an  increase 
in  cutting  stress  for  tools  more  acute  than  60  deg.,  may  have  been  due 
to  the  cuts  having  been  run  without  cutting  oil  or  suitable  cutting 
lubricant.  Furthermore,  the  comparative  lack  of  durability  of  the 
more  acute  edge  below  70  deg.  may  have  been  due  either  to  heat  or 
lateral  quivering,  or  both.  The  heat  would  have  been  greatly  reduced 
by  a  liquid  cooling  medium,  especially  one  having  some  suitable 
lubricating  qualities,  and  the  lateral  quivering  may  now  be  elimi- 
nated by  means  explained  in  this  paper.  The  thin  edge  of  an  acute 
tool  is  obviously  the  least  suited  to  carry  off  heat  or  to  withstand  the 
quivering  incident  to  cutting. 

9  Having  mentioned  the  great  work  of  Mr,  Taylor  and  his  co-work- 
ers, and  of  Dr.  Nicolson,  it  is  necessary  at  9nce  to  disclaim  any  preten- 
sion to  contributing  valuable  data,  such  as  are  found  in  the  papers 
of  these  truly  scientific  researchers.  Nothing  of  the  kind  is  possible 
at  this  time.  All  that  is  attempted  is  to  suggest  a  scheme  for  widen- 
ing the  field  of  investigation. 

10  Instead  of  approaching  the  subject  as  a  scientist  bent  on  getting 
exact  data  regarding  performance  of  certain  existing  forms  of  tools 
and  machines,  the  writer's  line  of  approach  has  been  from  the  stand- 
point of  a  designer  and  manufacturer  of  lathes,  and  particularly 
lathes  of  the  character  of  the  flat  turret  lathe. 

THE   CLASS   OF    WORK   HERE   CONSIDERED 

11  The  means  for  cutting  set  forth  should  be  considered  from  the 
standpoint  of  one  who  sees  nothing  but  lathe  work  under  20  in.  in 
diameter,  and  of  the  kind  usually  found  in  any  machinery  building 
plant,  whether  it  is  a  navy  yard,  railroad  shop,  or  automobile  build- 
ing plant;  not  that  the  means  are  of  no  value  in  larger  work,  but 
being  out  of  the  writer's  range  of  experience,  such  work  was  not  con- 
sidered in  designing  the  tools  described. 

12  A  more  exact  description  of  the  range  of  work  for  which  this 
tool  is  intended  would  be:  lathe  and  turret  lathe  work  under  20 in. 
and  over  4  or  5  in.  in  diameter,  and  less  than  8  or  10  in.  in  length;  also 
work  up  to  2  and  3  ft.  in  length,  of  diameters  under  3  to  3k  in.  and 
generally  over  J  or  1  in. 
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13  It  includes  three  classes  of  work:  a,  chuck  work,  having  diam- 
eter generally  exceeding  the  length,  and  held  wholly  by  a  chuck  or  face 
plate;  6,  bar  work,  which  is  held  in  a  chuck  and  steadied  by  back 
rests;  and  c,  work  having  dimensions  similar  to  bar  work,  but  which 
must  be  turned  on  center  points,  with  or  without  following  and  fixed 
steady  rests. 

14  It  will  be  noticed  that  this  excludes  all  of  that  larger  and 
heavier  lathe  work  in  which  the  principal  duty  of  the  lathe  is  the  rapid 
removal  of  the  stock.  In  the  particular  branch  of  work  under  con- 
sideration the  rapid  removal  of  stock  is  important,  but  not  paramount. 

15  Although  the  field  of  work  includes  all  kinds  of  steel  and  cast 
iron,  this  paper  will  deal  only  with  the  standard  open  hearth  machin- 
ery steel  of  about  20  points  carbon. 

16  In  work  supported  on  centers  and  in  chucking  work,  the  con- 
nection between  the  work  and  tool  includes  a  number  of  joints,  both 
for  sliding  the  tool  in  relation  to  the  work,  and  for  the  rotation  of  the 
work.  Each  of  these  joints  has  more  or  less  slackness,  and  each  of 
the  slides  and  other  members  is  more  or  less  frail  in  structure.  With  a 
mounting  of  this  kind  the  cutting  edge  of  the  tool  does  not  pass 
through  the  metal  without  swerving  and  flinching. 

TYPE   OF  TOOLS   USED 

17  In  the  class  of  work  under  consideration  each  piece  has  several 
diameters,  with  shoulders  which  should  be  accurately  spaced  and 
formed.  Nearly  all  the  shoulders  required  in  this  class  of  lathe 
work  are  the  so-called  square  shoulders. 

18  In  engine  lathe  practice  these  shoulders  are  "  squared  up  "  by  a 
side  tool  after  the  other  turning  has  been  done  by  a  round  nose  or 
diamond  point  tool,  but  in  the  turret  lathe  for  bar  work  these  shoul- 
ders are  produced  by  the  same  tool  that  takes  the  stock  removing 
cut. 

19  The  tool  used  in  turners  for  bar  work  cuts  on  the  same  principle 
as  the  engine  lathe  side  tool;  that  is,  its  rake  or  top  slope  is  almost 
wholly  side  slope,  and  its  cutting  edge  stands  at  an  angle  of  90  deg. 
to  the  axis  of  the  work. 

20  In  the  engine  lathe  a  tool  of  this  character  has  generally  been 
unsatisfactory  for  rapid  turning,  yet  in  the  turret  lathe  this  very 
tool  seems  to  be  universally  used  for  all  bar  work.  The  difference  in 
performance  seems  to  be  due  to  the  difference  in  mounting.  It 
works  well  where  there  is  no  chance  of  vibration,  but  trouble  begins 
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when  it  is  used  in  a  machine  like  the  engine  lathe  or  turret-chucking 
lathe,  in  which  the  work  is  supported  by  one  part  of  the  machine  and 
the  tool  by  another,  and  the  true  path  of  the  cutting  tool  through  the 
metal  is  dependent  on  the  entire  structure  of  the  machine,  there 
being  nothing  to  prevent  quivering. 

21  The  no-clearance  tool  to  be  described  is  a  side  tool  without 
clearance.  Its  under  face  bears  flatly  against  the  work,  thereby  pre- 
venting the  lateral  quivering  which  has  previously  made  this  type  of 
tool  inefficient. 

MEANS  FOR  IMPROVING   EFFICIENCY 

22  A  machine's  efficiency  is  proportional  to  its  strength  to  resist 
its  working  stresses.  There  are  two  ways  to  increase  this  efficiency: 
a,  by  strengthening  the  machine;  and  6,  by  reducing  the  stresses  for 
a  given  result. 

23  In  the  writer's  previous  work  the  strengthening  of  the  machine 
has  been  accomplished  by  the  eUmination  of  unnecessary  features, 
and  placing  the  necessary  joints  for  obtaining  the  various  motions 
in  the  least  objectionable  positions.  But  since  this  has  been  so  fully 
outlined  in  a  semi-commercial  treatise  entitled  The  Evolution  of  the 
Machine  Shop,  it  is  unnecessary  to  make  further  reference  to  the 
special  forms  of  design  therein  set  forth,  except  to  say  that  a  single- 
slide  scheme  of  lathe  design  was  adopted  to  eliminate  the  complicated 
and  frail  construction  of  the  multi-cdide  tool  carriage  which  is  now  in 
almost  universal  use  in  all  standard  machine  tools. 

24  The  next  step  was  to  devise  a  means  for  minimizing  the  stresses 
at  the  cutting  edge,  and  the  object  of  the  present  paper  is  to  explain 
how  this  result  has  been  obtained. 

25  This  reduction  of  stresses  may  not  be  important  in  roughing 
work  in  which  a  flinching  of  the  work  or  machine  may  be  disregarded 
so  long  as  the  machine  continues  to  crush  off  the  metal,  but  for  the 
kind  of  work  mentioned  in  this  paper  it  has  been  considered  of  first 
importance. 

Cutting  Stress 

direct  cutting  stress 

26  For  the  purpose  of  analysis  the  cutting  stress  may  be  divided 
into  three  elements:  the  direct  cutting  stress,  the  separating  stress,  and 
the  tendency  to  quiver,  which  we  will  consider  in  turn. 

27  By  direct  cutting  stress  we  mean  that  part  of  the  stress  that  is 
directly  downward  in  a  lathe.     With  all  other  conditions  unchanged, 
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we  should  expect  to  find  that  an  acute-edged  tool  would  offer  the  least 
resistance,  and  that  the  difference  in  direct  cutting  stresses  for  tools 
of  varjdng  cutting  angles  would  show  a  marked  reduction  in  favor 
of  the  more  acute  tools. 

28  Dr.  Nicolson's  experiments  below  60  deg.,  abready  men- 
tioned, showed  an  increase  in  cutting  stresses  and  a  marked  loss  in 
endurance,  but  these  tests  were  on  dry  cutting  without  the  benefit  of 
a  lubricant  or  a  cooling  solution.  The  thin  edge  tool  is  imdoubtedly 
benefited  more  than  the  blunt  edge  tool  by  lubricant  or  cutting 
medium.  Just  what  cutting  angle  would  be  the  best  under  conditions 
of  most  efficient  cooling  medium  may  not  yet  be  fully  known. 

29  That  there  is  no  marked  difference  in  cutting  stress  for  the 
blunter  tool  of  varying  cutting  angles  really  does  not  affect  the 
situation  when  we  try  the  real  cutting  or  sliding  angles,  which  may 
be  roughly  stated  to  be  efficient  in  proportion  to  their  acuteness. 

30  It  is  obvious  that  the  least  direct  cutting  stress  for  a  ^ven 
depth  and  feed  would  be  obtained  by  a  straight-edge  tool,  and  one 
that  would  take  a  chip  in  which  there  is  the  least  molecular  change. 

31  Crushing  and  partially  or  wholly  shearing  the  chip  into  chunks 
which  are  three  or  four  times  the  thickness  of  the  feed  undoubtedly 
increase  the  working  stresses  and  heat. 

32  The  cuts  accompan3dng  Dr.  Nicolson's  discus»on,  p.  333,  vol. 
28  of  Transactions,  clearly  illustrate  the  great  distortion  that  takes 
place  even  in  cutting  with  an  acute  tool  of  60  deg.  and  a  straight  edge. 
This  tool  does  not  have  even  the  disturbing  element  of  shearing  action 
at  the  edge  of  the  chip,  but  the  experiment  shows  the  distortion  of 
nearly  every  part  of  the  chip.  A  tool  having  a  round  nose  or  a  blimt 
edge  would  doubtless  show  still  greater  distortion. 

33  A  flat  top  slope  should  have  a  straight  cutting  edge.  The  more 
the  edge  is  rounded  the  greater  the  conflict  of  the  metal  crowding  to 
the  edge.  The  flow  of  metal  on  the  top  slope  of  the  round  nose  does 
not  move  in  one  direction  wholly,  but  tends  to  travel  towards  the 
center  of  the  curve.  The  conflict  of  currents  of  metal  which  approach 
the  center  from  various  parts  of  the  curved  cutting  edge  increases  the 
direct  cutting  stress. 

34  The  crushing  process  of  the  present  scheme  of  turning  is  due 
both  to  the  bluntness  of  the  cutting  angle  and  the  shape  of  the  edge. 
A  curved  edge  should  have  a  curved  top  slope  in  order  to  remove  the 
chip  with  the  least  distortion  of  the  metal.  The  curved  top  slope 
for  this  purpose  would  make  the  shape  of  the  cutting  edge  similar  to 
the  cutting  edge  of  a  carpenter's  round-nosed  chisel.    This  form  of 
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tool  is  not  offered  as  a  practical  form,  but  is  mentioned  to  emphasize 
the  unnatural  flow  of  the  chip  that  must  take  place  on  the  flat  top 
slope  of  a  round  nose  tool. 

SEPARATING   STRESS 

35  By  separating  stress  we  mean  that  stress  which,  in  turning  a 
shaft,  forces  the  tool  outward  radially.  Increasing  this  stress  causes 
the  work  and  tool  to  move  apart,  and  results  in  variation  in  diame- 
ter, also  in  an  irregular  and  generally  inaccurate  product,  particularly 
when  the  rough  stock  runs  eccentric,  or  irregular.  Although  this 
separating  stress  may  be  lessened  by  ^ving  the  tool  more  back  slope, 
this  is  possible  only  in  tools  taking  light  depth  cuts.  A  lathe  tool, 
however,  which  takes  a  cut  Uke  a  side  tool,  gives  little  or  no  tendency 
to  separate  radially. 

36  With  the  side  tool  set  at  an  angle  of  90  deg.  to  the  travel  of  the 
feed,  the  feeding  stress  does  not  tend  to  force  the  work  and  tool  apart; 
in  fact,  this  tool  may  be  set  so  as  to  produce  a  slightly  beveled  shoul- 
der either  side  of  the  90  deg.,  so  as  either  to  draw  the  work  and  tool 
together  when  making  an  overhanging  shoulder  or  to  force  the  work 
and  tool  apart  when  producing  an  external  bevel. 

QUIVERING   STRESS 

37  The  quivering  stress  due  to  the  nature  of  the  chip  is  affected 
by  the  cutting  angle  of  the  tool.  The  chunks  which  make  up  the  parts 
of  a  chip  are  less  firmly  united  in  a  chip  taken  by  a  tool  of  70  deg. 
cutting  angle  than  by  a  tool  of  50  deg.,  and  of  course  the  more  firmly 
united  chunks  give  a  more  continuous  chip  with  the  least  vibration  of 
stresses. 

38  In  turret  lathe  practice,  especially  in  bar  work,  the  tool  and 
work  are  held  together  by  a  back  rest  which  follows  on  the  surface 
produced  by  the  cutter,  and  in  some  kinds  of  turret-chucking  work 
the  tools  for  interior  work  are  mounted  on  boring  bars  which  take 
bearing  either  in  the  work  or  in  the  chuck  which  holds  the  work. 
When  tools  get  this  steadying  support  directly  on  or  in  the  work,  they 
are  freed  from  the  chattering  due  to  the  machine  mounting,  but  not 
free  from  that  due  to  their  own  frailty  or  to  the  intermittent  flow  of 
the  chip  as  it  is  taken  off  in  chunks. 
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RELATIVE   DESTRUCTIVE   EFFECTS   OF  HEAT   AND  LATERAL  QUIVERING 

39  The  writer  is  not  unmindful  of  the  effect  of  heat  in  the  destruc- 
tion of  the  cutting  edge,  and  fully  realizes  that  no  perfection  of  mount- 
ing  of  the  work  and  tools  will  prevent  destruction  of  the  cutting  edge 
of  the  tool  by  heat,  but  wishes  to  bring  out  the  importance  of  the 
destructive  effect  of  chattering  which  is  ever  present  in  standard 
types  of  machine  tools.  Heat  is  undoubtedly  most  destructive  when 
roughing  at  high  speeds,  but  the  quivering  plays  a  very  important, 
if  not  the  greatest  part  in  edge  destruction  when  finishing  at  the  usual 
speeds. 

40  Many  machines  are  not  run  up  to  the  high  speed  limit  of  the 
cutters.  Even  when  provided  with  ample  driving  power,  the  strenu- 
ous life  of  attending  a  high  speed  machine  is  a  little  too  much  for  the 
average  man.  As  the  speed  is  reduced,  the  quivering  gains  in  relative 
importance,  which  should  be  taken  into  account  in  considering  the 
no-clearance  tool.  With  the  slower  speeds,  tools  should  be  used  that 
give  the  best  results  at  those  speeds. 

OTHER   CONSIDERATIONS 

41  The  failure  of  the  keen  edge  under  normal  cutting  conditions, 
and  its  surprising  endurance  under  some  abnormal  conditions,  seem 
to  indicate  great  possibilities  open  to  any  scheme  that  would  maintain 
the  best  conditions.  For  instance,  at  one  time,  we  have  seen  the 
edge  of  a  diamond  point  broken  off  by  an  ordinarily  heavy  chip  and 
at  another  time  we  have  seen  a  similar  tool  deeply  imbedded  into  the 
metal  without  breakage,  the  tool  having  taken  a  plunge  and  lifted  or 
plowed  up  a  chip  of  enormous  proportions  vnthout  breaking  the  tool. 
Every  lathe  hand  has  seen  this  performance.  Usually  it  ends  with 
breaking  the  tool  or  the  center  of  the  lathe,  or  both,  but  occasionally 
the  lathe  is  stopped  without  breakage;  then  the  lathe  hand  by  great 
care  may  separate  the  work  and  tool  without  breaking  the  edge.  The 
immense  chip  plowed  up  by  a  frail  tool  demonstrates  what  a  cutting 
tool  can  do  under  some  conditions. 

42  We  are  also  aware  that  under  some  conditions  a  cutting  tool 
will  actually  sharpen  itself  in  the  process  of  cutting,  yet  neither  of 
these  results  is  regularly  maintained.  They  suggest,  however,  the 
possibility  of  supplying  a  means  by  which  they  can  be  maintained  in 
regular  work. 
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CLEABANCE 

43  Since  the  birth  of  the  slide  rest  lathe,  in  which  the  tool  was 
first  guided  by  mechanism,  turning  tools  have  been  given  clearance 
and  it  has  been  assumed  that  they  would  not  cut  without  clearance. 
Of  course  it  is  well  known  that  the  orthodox  lathe  tool  goes  out  of 
commission  after  losing  its  clearance,  but  that  does  not  demonstrate 
that  a  tool  cannot  cut  without  clearance.  It  only  proves  that  the 
present  tools  require  clearance  as  they  are  now  formed  and  mounted. 

44  A  tool  which  has  been  ground  for  clearance,  and  set  in  such  a 
position  that  its  under  face  is  at  an  angle  to  the  shoulder  produced, 
presenl^s  but  a  small  area  to  the  shoulder  of  work  when  the  clearance 
of  the  extreme  edge  has  given  way.  The  area  is  so  small,  compared 
with  the  stress  of  the  abrading  metal  passing  it,  that  it  rapidly  scores 
and  wears  into  a  rough  surface  standing  at  a  "negative"  clearance 
angle.  A  tool  with  a  negative  clearance  and  rough  surface  quickly 
goes  from  bad  to  worse. 

45  The  tool  which  has  by  chance  been  set  in  an  en^e  lathe  so 
that  a  comparative  large  area  of  the  under  face  rides  on  the  wall  of 
metal  does  not  wear  away,  because  its  surface  is  not  subjected  to  as 
great  abrading  pressure  per  unit  of  area.  Its  area  is  sufficient  to  with- 
stand abrasion. 

46  It  was  assumed  by  the  writer  that  increasing  the  contact  of 
the  under  face  of  the  tool  against  the  face  of  the  work  would  make  it 
possible  to  cut  without  clearance.  The  advantage  of  a  no-clearance 
tool  is  that  its  face  rides  on  a  good  area  and  supports  the  under  edge 
against  the  pressure  of  the  chip,  thus  relieving  the  edge  from  the  one- 
sided pressure  which  must  be  borne  by  a  tool  having  clearance.  This 
one-sided  pressure  may  be  wholly  or  only  partly  relieved. 

47  Of  course,  in  all  of  the  former  types  of  tools  the  cutting  edge 
must  withstand  the  stress,  which  is  wholly  one-sided,  excepting  for 
the  occasional  condition  stated,  in  which  a  cutting  tool  obtained  by 
chance  a  bearing  on  its  clearance  face. 

THE   NO-CLEARANCE   TOOL 

48  In  order  to  enable  the  tool  to  ride  flatly  against  the  wall  of 
metal  from  which  the  chip  is  being  removed,  we  have  mounted  it  to 
allow  a  comparatively  free  swiveling  action  on  a  center  line  that  is 
substantially  coincident  with  the  cutting  edge  of  the  tool.  When 
the  tool  is  so^mounted  the  pressure  of  the  chip  on  the  top  slope  tends 
to  throw  the  so-called  clearance  face  against  the  shoulder,  for  the 
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mounting  allows  the  tool  to  swing  around  to  the  angle  that  may  be 
necessary  to  fit  any  work  form,  from  a  straight  surface  in  planer  work, 
and  the  nearly  straight  surface  in  work  of  large  diameter,  down  to 
the  angle  of  a  helix  obtained  by  the  coarse  feed  on  work  of  relatively 
small  diameter. 

49  A  tool  so  mounted  either  swings  automatically  to  adapt  itself 
to  angularity  of  feed,  or  may  be  swung  by  hand  as  soon  as  the  cut  is 
started.  Its  natural  tendency  holds  it  snugly  against  the  metal, 
but  the  force  may  be  varied  from  one  that  equalizes  the  stress  on  each 
side  of  the  cutting  edge  down  to  a  very  slight  stress  which  only  holds 
the  tool  in  no-clearance  position.  An  important  feature  is  that  the 
tool  is  free  to  swing  around  to  offset  the  unequal  wear  on  the  "  clear- 
ance" face. 

50  In  the  early  experiments  the  cutters  used  were  clamped  rigidly 
in  a  holder,  which  in  turn  was  pivotally  mounted  on  a  fixed  holder. 
The  cutting  edge  of  the  tool  was  so  located  as  to  stand  exactly  on  the 
center  line  of  the  swiveling  holder. 

51  In  the  later  experiments  the  scheme  has  been  simplified  by 
loosely  moimting  the  cutter  itself,  providing  it  with  a  round  bottom 
struck  from  a  center  line  which  is  near  the  cutting  comer  of  the  tool. 
The  cutting  edge  is  usually  standing  at  an  angle  to  its  center  line  of 
swivel,  giving  the  tool  a  front  slope.  The  scheme  of  inclining  the 
cutting  edge  to  the  line  of  swivel  was  adopted  for  the  purpose  of  using 
a  bar-shaped  tool  in  which  its  shape  could  be  mwitained  by  grinding, 
for  with  this  shape  grinding  back  the  end  provides  for  the  wearing 
down  of  the  top  edge.  This  gives  the  tool  a  front  slope  when  the 
swiveling  center  is  kept  horizontal.  In  some  cases  it  may  be  well  to 
tilt  the  holder  to  an  angle  that  brings  the  cutting  edge  horizontal. 

52  This  departure  from  the  ideal  center  position  of  the  line  of 
swivel  is  not  sufficient  to  cause  any  trouble.  In  fact  the  pivotal  line 
need  not  be  exactly  parallel  to  the  cutting  edge,  neither  is  it  neces- 
sary to  have  it  very  near  the  center  line  of  swivel.  It  is  probable  that 
under  some  conditions  the  cutting  edge  may  advantageously  be 
located  either  above  or  below  or  on  either  side  of  the  cutting  edge. 
The  exact  location  of  the  cutting  edge  relative  to  the  center  of  oscilla- 
tion partly  determines  the  pressure  with  which  the  tool  rides  against 
the  wall  of  metal  from  which  the  chip  is  taken. 

53  The  extreme  top  edge  of  the  tool,  in  some  instances,  has  been 
slightly  flattened  on  the  acuter  angles,  the  flat  measuring  from  about 
j^^  in.  to  ^in.,  and  standing  either  90  deg.  from  the  so-called  clearance 
face  or  sloping  in  either  direction.     Very  good  results  were  obtained 
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by  giving  it  a  negative  side  slope  standing  at  a  maximum  angle  of 
from  10  deg.  to  15  deg.  from  the  horizontal.  This  top  flat  seems  to 
make  a  good  resting  place  for  the  false  edge,  and  it  may  be  that  its 
successful  operation  is  dependent  on  the  false  edge. 

54  One  interesting  phase  of  these  experiments  has  been  the  com- 
parative willingness  on  the  part  of  the  tool  to  relieve  the  carriage  of 
the  duty  of  feeding.  This  first  became  apparent  when  the  carriage 
continued  to  advance  after  the  feed  had  been  "  thrown  out."  This 
self-feeding  feature,  of  course,  cannot  apply  to  the  action  of  planers, 
boring  mills,  or  work  of  large  diameter.  It  is  mentioned  here  only 
to  indicate  the  absence  of  resistance  to  the  feeding  motion  imder 
some  conditions. 

65  The  ultimate  outcome  of  the  use  of  acute  angle  tools  may  be  to 
allow  each  tool  to  take  a  heavy  cut  on  small  diameters  to  determine 
its  own  feed.    In  the  turret  lathe  this  would  be  a  distinct  advantage. 

CHIP   UPTER   AND   CHIP   CONTROL 

56  The  chip  produced  by  the  acute  angle  tools  is  a  continuous 
chip  possessing  great  lateral  strength.  The  continuous  chip  is  pre- 
ferred by  any  operator  who  has  had  experience  with  hot  chips  thrown 
off  by  tools  of  blunter  angles,  but  while  this  particular  feature  enables 
him  to  observe  the  action  of  the  tool  closely  without  risk,  the  continu- 
ous chip  in  itself  becomes  troublesome,  if  allowed  to  run  too  long 
without  breaking.  In  some  of  the  first  experiments  with  this  tool, 
chips  having  a  depth  of  about  |  in.,  and  produced  by  a  feed  of  six  to 
the  inch,  were  found  exceedingly  troublesome,  especially  when  allowed 
to  run  out  to  lengths  of  5  to  15  ft. 

57  The  lateral  stiffness  of  the  chip  of  the  more  acute  tool  made  it 
possible  to  increase  the  tearing  open  or  splitting  effect  which  occurs 
in  cutting  metals.  To  increase  the  tearing  action  it  is  necessary  to 
allow  the  chip,  after  it  has  passed  from  the  edge  of  the  tool,  to  pass 
over  a  lifter  in  the  form  of  a  wedge,  either  formed  integrally  with  the 
tool  or  placed  in  the  path  of  the  chip  near  the  tool,  having  an  angle 
that  not  only  assists  in  tearing  the  metal  ahead  of  the  tool,  but  also 
relieves  the  slope  of  the  tool  near  the  edge. from  an  important  part  of 
the  labor. 

58  In  other  words,  a  chip  possessing  lateral  strength  made  it 
possible  to  carry  an  important  part  of  the  cutting  or  splitting  action 
farther  away  from  the  extreme  edge.  The  heat  generated  by  this 
part  of  the  work,  because  of  its  position,  of  course  in  no  way  reduces 
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the  life  of  the  extreme  cutting  edge.  Experiments  with  the  chip- 
lifting  scheme  seem  to  indicate  that  under  ideal  conditions  the  duty 
of  the  extreme  edge  of  the  tool  may  be  simply  to  cut  through  metal 
which  may  be  under  more  or  less  of  a  tearing  or  splitting  stress. 

69  Although  this  chip-lifting  effect  may  be  produced  by  a  top 
slope  having  a  curved  surface,  it  has  seemed  best  for  the  convenience 
of  grinding  the  tool  on  an  ordinary  wheel  to  keep  the  top  slope  of  the 
cutter  a  flat  surface,  and  to  introduce  this  chip-lifter  as  a  separate 
member,  either  as  a  part  of  the  tool  holder  or  in  conjunction  with  the 
chip-breaker  to  be  described. 

60  Although  it  is,  as  was  stated,  a  satisfaction  to  be  able  to  stand 
near  the  cutting  tool  and  have  some  assurance  of  the  direction  in 
which  the  chip  will  travel,  and  to  know  that  it  is  integral  and  not 
shooting  out  in  hot  chunks  at  all  angles  from  the  tool  point,  a  con- 
tinuous chip  is  nevertheless  troublesome.  Even  with  blunt  tools, 
the  curling  chips  which  are  sometimes  used  to  illustrate  ideal  work- 
ing conditions  of  a  machine  require  the  constant  attention  of  the 
operator,  and  either  a  very  large  receptacle  which  doubles  the 
floor  space  required  for  the  machine  or  the  almost  constant  attend- 
ance of  an  extra  man  for  removing  the  chips  from  the  room. 

6 1  The  use  of  the  more  acute  angles  increases  the  chip  trouble,  and 
may  in  some  instances  make  it  advisable  to  retain  the  blunt  cutting 
angles,  or  at  least,  tools  which  produce  tolerable  chips. 

62  For  turning  bar  work  in  the  turret  lathe  it  has  seemed  best  to 
adopt  a  chip-breaker  which  produces  a  fracture  by  placing  an  obstruc- 
tion in  the  path  of  the  chip  at  such  an  angle  that  the  chip  is  bent, 
either  by  lifting  or  depressing,  or  both,  shortly  after  it  has  left  the 
tool,to  an  extent  beyond  its  breaking  point.  In  order  to  employ  the 
chip-lifter  most  eflSciently  for  the  purpose  of  relieving  the  top  slope  of 
the  cutting  tool,  the  writer  has  preferred  to  use  a  chip-breaker  which 
depended  on  depressing  the  chip  after  it  passed  over  the  chip-lifting 
incline.  .4  breaker  of  this  kind  breaks  the  chip  in  lengths  varying 
from  i  to  3  in. 

CONCLUSIONS 

63  The  no-clearance  cutter  relieves  the  edge  from  the  one-sided 
pressure. 

It  prolongs  the  life  ofj  the  cutter  by  allowing  abrasion  on  its  face 
without  producing  negative  clearance. 
It  prevents  lateral  quivering. 
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It  converts  the  lip  angle  into  cutting  angle,  which  for  a  tool  of  given 
form  constitutes  a  gain  of  from  5  to  10  deg.  in  cutting  angle. 

It  has  extended  the  working  range  of  the  side  tool  which  gives  the 
minimum  separating  stress. 

It  has  made  possible  the  use  of  acute-angled  tools  which  reduce  the 
cutting  stress,  thereby  increasing  the  output  of  machines  which  have 
been  limited  by  lack  of  pulling  power. 

The  reduction  of  the  cutting  and  separating  stresses  has  increased 
the  accuracy  (or  output,  which  is  generally  interconvertible  with 
accuracy)  on  nearly  all  lathe  work. 

This  reduction  also  increases  the  output,  which  has  been  limited 
mostly  by  the  frailty  or  the  slenderness  of  the  work. 
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FiQ.  6    No-Clearance  Tool,  Full  Size 

SHOWINQ  AN  BQX7AL  ABRASIVE  XFFBCT  ON  KACH  BIDE  OF  EDGE-  THE  VIEW  AT  THE  LEFT 
BHOWB  THE  TOP  SLOPE,  THE  ANGLE  OF  WHICB  WAS  INCBEABED  BT  CHIP  ABRASION.  THE  VIEW  AT 
THE  RIGHT  SHOWS  THE  ABRASIVE  EFFECT  OF  THE  SHOULDER  OF  THE  WORK  WHICH  REDUCED  THE 
CUTTING  ANGLE,  BUT  NOT  AS  MUCH  AS  THE  ABRASION  OF  THE  CHIP  INCREASED  IT. 


Fig.  7    Sample  of  Broken  Chips  and  Work  with  an  Unbroken  Chip 

THE  VIEW  IS  ABOUT  ONE-SEVENTH  LARGER  THAN  SAMPLE,  THE  EXACT  DIMENBIONS  BEING  1| 
IN.  DOWN  TO  ABOUT  1  IN.  DIAMETER.  THE  FEED  WAS  ABOUT  7  PER  INCH,  CUTTING  ANGLE  OF  TOOL 
ABOUT  38  DEO.,  EXTREME  EDGE  ]/32  IN.  FLAT.  THESE  CHIPS  WERE  BROKEN  BT  A 
Snill'AR  TO  THAT  SHOWN  IN  FIO.   16- 
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Fig.  8    No-Clearance  Tool  for  Standard  Engine  L.\the  Tool  Post,  with 
Three  Cutters  of  Different  Angles 


Fig,  9    View  of  Other  Side  of  Tool  Shown  in  Fig.  8 
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Fig.  10    No-Clearancb  Turning  Tool  for  the  Flat  Turret  Lathb 

THIS  TOOL  IB  PBOTXDBD  WITH  A  DOX7BLB  ADlXJ^mSNT  BT  WHICH    IT  MAT  BH    8HT   TO    TDHM 
TWO  SUBS.       8BB  FIG.   13-16 


Fig.  11  Larger  View  of  the  Cutter  and  Chip  Controller 
Shown  in  Fig.  10 


Digitized  by  VjOOQIC 


METAL  CUTTING  TOOLS  WITHOUT  CLEARANCE 


915 


W^ 


Digitized  by  VjOOQIC 


916 


METAL  CUTTING  TOOLS   WITHOUT  CLEARANCE 


Digitized  by  VjOOQIC 


METAL  CUTTING  TOOLS  WITHOUT  CLEARANCE 


917 


9 
o 

z 
g 

5 


Digitized  by  VjOOQIC 


918 


UBTAL  CUTTING  TOOLS  WITHOUT  CLEARANCE 


m 


— 

H 

6 

h  - 

o 


Digitized  by  VjOOQIC 


METAL  CUTTINO  TOOLS   WITHOUT  CLEABANCE 


919 


■  o  - 


r^ 


mm 


Digitized  by  VjOOQIC 


920  METAL  CUTTING  TOOLS  WITHOUT  CLEARANCE 

DISCUSSION 

Mr.  H.  H.  Suplee  This  paper  is  entitled  Meial  Cutting  Tools 
Without  Clearance,  and  so  my  remarks  may  be  a  little  off  the  exact 
subject.  A  number  of  years  ago  I  used  wood  cutting  tools  without 
clearance  in  planing  machines,  for  much  the  same  purpose  as  Mr. 
Hartness  has  used  his.  In  the  wood  planing  machine,  in  order  to 
avoid  chattering  and  get  smooth  work  on  high  grade  hard  wood 
flooring,  and  work  of  that  kind,  the  knives  were  set  as  true  as  possible, 
and  then  the  cutter  head  revolved,  and  a  revolving  emery  wheel  was 
carried  back  and  forth,  grinding  off  the  back  edge  of  the  knife,  to 
maintain  the  true  cylindrical  surface  of  the  revolving  cutter  head. 
So  a  flat  edge,  or  rather  a  cylindrical  edge,  was  obtained  for  the  back 
part  of  the  cutting  knife.  The  cutter  produced  remarkably  smooth 
work.  All  the  knives  were  doing  an  equal  share  of  the  work,  and  the 
chattering  and  quivering  common  in  many  planing  machines  was 
almost  entirely  removed.  The  real  diflSculty  was  that  the  edges  of  the 
tools  got  so  hot  after  a  certain  period,  that  their  temper  was  drawn. 

The  Author  Mr.  Suplee's  remarks  regarding  the  use  of  no- 
clearance  blades  in  wood-planing  machines  are  full  of  significance. 
The  question  of  heat  generated  by  the  friction  of  the  riding-contact 
is  one  that  will  require  more  time  to  settle  definitely.  The  results 
may  not  be  the  same  for  different  materials.  We  would  expect  an 
important  difference  between  steel  and  cast-iron.  The  extra  heat 
generated  in  wood-planing  may  have  been  due  to  some  or  all  of  the 
cutters  having  acquired  a  negative  clearance.  The  springing  of  the 
material  or  the  head  would  cause  substantially  a  negative  clearance. 
Excellent  results  are  now  being  obtained  by  this  scheme  by  the 
planers  made  by  the  S.  A.  Woods  Company  of  Boston. 

2  The  whole  subject  is  so  full  of  unsettled  points  that  the  author 
hopes  others  will  be  induced  to  contribute  papers,  especially  along 
the  lines  of  acute  cutting-angles,  clearance,  and  cooling  or  lubricat- 
ing solutions. 
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INTERCHANGEABLE  INVOLUTE  GEAR  TOOTH 

SYSTEMS 

By  Ralph  E.  Flandeiis,  New  York 
Non-Member 

The  standard  form  of  gear  tooth  for  cut  gearing  has  a  pressure 
angle  of  14^  degrees  and  an  addendum  (in  a  one  diametral  pitch  gear) 
of  one  inch  or  1  4-  P.  The  pressure  angle  of  an  involute  gear  is  the 
angle  that  the  line' of  action  makes  with  the  common  tangent  to  the 
pitch  circles  of  two  gears  in  mesh;  or  it  may  be  stated  as  the  angle 
made  by  the  side  of  a  rack  tooth  of  a  given  system,  with  the  perpen- 
dicular to  the  pitch  line  (see  a  in  Fig.  4).  In  any  system  of  involute 
gearing  the  pressure  angle  remains  the  same  for  all  gears  in  the  series. 
'The  addendum  is  the  height  of  the  tooth  above  the  pitch  line.  As 
this  also  remains  the  same  for  all  the  gears  in  a  series,  a  standard 
system  of  interchangeable  involute  gearing  may  be  defined  by  giving 
the  pressure  angle  and  addendum. 

2  While  a  pressure  angle  of  14^  degrees,  and  an  addendum  of  one 
inch  for  a  one  diametral  pitch  tooth  was  formerly  used  almost  univer- 
sally for  cut  gearing,  there  have  always  been  occasional  departures 
from  this  standard.  Of  late  years  these  departures  have  become 
more  and  more  numerous.  The  pressure  angles  that  have  been  used 
have  run  as  high  as  28  degrees  in  some  cases,  and  the  addendum  has 
been  made  as  small  as  0.6  of  the  standard  height.  As  this  tendency  to 
use  shorter  addendums  or  greater  pressure  angles  appears  to  show  no 
signs  of  abating,  and  has  resulted  in  a  considerable  diversity  of  forms 
of  gearing  in  different  lines  of  work,  it  has  seemed  worth  while  to 
investigate  the  whole  question,  to  see  if  these  variations  are  justified; 
and  if  they  are,  whether  their  justification  lies  in  peculiar  conditions, 
or  in  a  lack  of  fitness  of  the  standard  system  for  any  large  part  of  the 
work  for  which  it  has  hitherto  been  used. 

Presented  at  the  New  York  Meeting  (December  19()8)  of  The  American 
Society  of  Mechanical  Engineers. 
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3  As  far  as  possible,  the  effect  of  varying  the  pressure  angle  and 
addendum  on  the  various  working  qualities  of  gearing  is  here 
shown  in  diagrammatic  form,  so  that  the  eye  can  readily  grasp  the 
effect  of  the  variations  in  every  case.  The  method  of  calculating  the 
various  diagrams  is  described  in  an  Appendix,*  so  as  to  have  the  body 
of  the  paper  as  free  as  possible  from  mathematics,  leaving  nothing  to 
consider  except  the  results  obtained.  To  any  one  disposed  to  ques- 
tion the  methods  followed  in  the  mathematical  investigation  the 
appendix  will  give  full  information  on  this  matter.  For  the  sake  of 
simplicity,  in  all  the  calculations  the  teeth  are  supposed  to  be  of  1-dia- 
metral  pitch.  The  pressure  angles  investigated  range  from  14}  to 
27i  deg.  Three  heights  of  addendum  are  considered:  1.0,  t).8  and 
0.6  in.  respectively,  for  l-diametral  pitch.  These  limits  are  thought 
sufficient  for  the  purposes  of  this  paper.  It  should  further  be  stated 
that  in  all  calculations  where  it  is  necessary  to  assume  the  number  of 
teeth  in  the  smallest  gear  of  a  series,  that  number  is  taken  to  be  12, 
the  same  as  in  the  standard  system.  The  following  reference  letters 
are  used: 

S    =  height  of  addendum. 

a    =  pressure  angle. 

N  «  number  of  teeth. 

iVi3=»  number  of  teeth  in  12-tooth  gear,  etc. 

n    »  number  of  teeth  in  continuous  action. 

EFFECT  OF  VARYING  THE  PRESSURE  ANGLE  AND  ADDENDUM 

4  The  effect  of  varying  the  addendum  and  pressure  angle  is  inves- 
tigated with  reference  to  the  following  practical  considerations: 
interference;  number  of  teeth  in  continuous  action;  side  pressure  on 
journals;  strength;  efficiency;  durability;  permanence  of  form;  quiet- 
ness and  smoothness  of  action;  suitability  for  practical  cutting 
processes;  and  miscellaneous  practical  considerations. 

5  Fig.  1  illustrates  the  effect  of  changing  the  addendum  and  the 
pressure  angle  on  the  question  of  interference.  The  lines  rising 
toward  the  right  in  the  diagram  indicate  the  largest  number  of  teeth 
in  the  gear  in  any  given  system  of  interchangeable  gearing,  which 
will  mesh  with  a  12-tooth  pinion  without  correction  for  interference 
with  the  Panks  of  the  teeth  of  the  latter.  Thus,  in  a  system  of 
interchangeable  gears  in  which  a  =  17}  deg.  and  S  =  0.6,  the  dia- 

*  On  file  in  the  library  of  the  Society. 
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gram  shows  that  all  gears  having  more  than  50  teeth  must  be  cor- 
rected to  avoid  this  interference  with  the  12-tooth  pinion.  The  lines 
rising  toward  the  left  indicate  the  minimum  number  of  teeth  possible 
in  the  smallest  pinion  in  an  interchangeable  series,  to  avoid  entirely 
the  phenomenon  of  interference.  Thus  with  the  standard  form  in 
which  a  =>  14J  deg.  and  S  =  1.0,  if  32  be  taken  as  the  number  of 
teeth  in  the  smallest  gear  of  the  series,  instead  of  12,  it  will  not  be 
necessary  to  correct  the  rack  or  any  other  member  of  the  system  for 
interference. 
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Fig.  1     Effect  on  Interference  of  Changes  in  the  Addendum  and  Pres- 
sure Angle 

6  The  following  formulae  were  used  in  calculating  this  diagram. 
For  the  maximum  number  of  teeth  possible  without  interference  with 
the  12-tooth  pinion, 


iV  = 


36  sin'  a-S^ 
S-6  sin^  a 


(1) 


For  the  minimum  number  of  teeth  possible  without   interference 
with  an  uncorrected  rack. 


s-.^l. 


(2) 
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7  It  will  be  seen  from  the  diagram  that  with  the  standard  form  of 
gearing,  in  which  a  =  14^  degrees  and  S  =  1.0,  interference  occurs  to 
such  an  extent  that  the  correction  of  the  face  of  the  tooth  has  to  be 
carried  clear  down  to  the  smallest  gear  in  the  series,  it  being  impossi- 
ble for  two  uncorrected  12-tooth  pinions  to  mesh  without  interfer- 
ence. This  condition  is  shown  in  Fig.  2.  The  contact  between  the 
two  gears,  running  in  the  direction  indicated  and  with  gear  A  as 
driver,  takes  place  along  the  line  CI>,  being  determined  by  the  points 
of  tangency  of  this  "line  of  action,"  as  it  is  called,  to  the  "base  of 
circles"  of  the  two  pinions.  That  part  of  the  face  of  the  teeth  of 
gear  A  (see  shaded  portion  at  the  right)  which  lies  outside  of  the  inter- 
ference circle  passing  through  point  F,  extends  beyond  any  possible 
contact  with  the  mating  pinion,  and  so  is  useless  for  conjugate  action 
in  its  uncorrected  form.  Not  only  is  it  useless  but  it  is  positively 
harmful  as  well. 


GEAR  B 
Addendum  Circle 
Interference  Circle 

^ Pilch  Circle 

-  Base  Circle 


Fig.  2    Extent  of  Interference  Between  Two  12-Tooth  Standard  Pinions 


8  Fig.  3  shows,  in  diagrammatic  form,  the  positions  of  the  teeth 
of  the  two  gears  in  Fig.  2  at  the  beginning  and  end  of  their  action; 
contact  begins  at  C  and  ends  at  D.  As  the  gears  continue  to  revolve, 
tooth  face  aa  of  gear  A  will  interfere  with  tooth  flank  66  near  the  base 
circle,  making  proper  meshing  of  the  teeth  impossible,  no  matter 
what  the  form  given  to  the  flanks  of  the  teeth  below  the  base  circle. 
This  phenomenon  of  interference  is  discussed  in  all  treatises  on  gear- 
ing. 

9  Everything  outside  the  interference  line  then  in  Fig.  2  must  be 
corrected  for  interference.  The  amount  of  this  correction  increases 
with  the  number  of  teeth  in  the  gear,  reaching  its  maximum  in  the 
rack,  as  shown  in  Fig.  4.     As  will  be  explained  later,  the  nature  of  the 
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correction  depends  on  the  form  arbitrarily  given  to  the  flanks  of  the 
teeth  of  the  smallest  pinion  below  the  base  circle. 

10  The  next  thing  to  consider  is  the  number  of  teeth  in  continuous 
action.  This  is  at  the  minimum  when  the  two  gears  having  the  small- 
est number  of  teeth  allowed  by  the  system  are  in  mesh  with  each  other 
and  it  is  at  its  maximum  in  the  case  of  the  engagement  of  two  racks. 


6'  L_Privenv. 

-^''* —  '  *^^-. 

^  -  -  "  <^^  TCorrected  A!ddendum  ~~  -  -.  ^  ^  ^ 

d'^-^V     J^   Interference    arele^  ^    "^^1^^ 


•/Base  Circle 


,plic^ 


ClT^ 


-^J^  Clr<de__]._ 


^^"^^-^  A^-~«^??!«rference|  Circle       ^-— -  -^.- 
"^-^^prtiTQ^    Corrected.  Aadendum  J       ^^^ 


Fig.  3     Limits  of  Tbub  Involutb  Action  with  Two  12-Tooth  Standard 

Pinions  in  Mbsh 

A  practical  problem  presented  is  that  of  finding  the  pressure  angle 
and  addendum  that  will  give  the  required  minimum  action  for  the 
two  smallest  gears  selected  for  the  series.  The  diagram  in  Fig.  5 
ofiFers  a  practical  solution  of  this  problem.  Suppose,  for  instance, 
it  is  required  to  find  the  minimum  pressure  angle  that  will  allow  1.1 


Fig.  4    Limits  op  True  Involute  Action  with  a  12-Tooth  Pinion  and 
Rack  (Standard)  in  Mesh 


teeth  to  be  in  continuous  action  in  a  pair  of  16-tooth  gears,  when 
the  addendum  is  0.8.  (By  saying  that  1.1  teeth  are  in  continu- 
ous action,  we  mean  that  the  line  of  action  is  1.1  times  as  long  as  is 
necessary  for  continuous  action.  At  times,  of  course,  two  pairs  of 
teeth  will  be  engaged,  while  but  one  pair  will  be  in  action  the  remain- 
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der  of  the  time.)    The  diagram  shows  that  the  pressure  angle  must  not 
be  more  than  26^  deg.  to  make  this  possible. 

11  It  will  be  noticed  that  all  the  lines  running  toward  the  lower 
left-hand  corner,  for  different  values  of  S  but  the  same  values  of  n, 
merge  with  the  line  marked  only  for  the  value  of  n,  the  latter  line 
extending  downward  toward  the  right.  In  reading  a  line  for  the 
given  values  of  n  and  iS  it  is  to  be  traced  downward  to  the  left,  to  its 
junction  with  the  full  line  for  its  value  of  n,  which  is  to  be  traced 
downward.  The  point  of  junction  o'  the  two  lines  marks  the  point 
where  interference  ceases  for  a  ^ven  value  of  n  and  S.  For  instance, 
if  n  —  1.4  and  S  —  0.8,  the  diagram  shows  no  interference  in  the 
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Fig.  6    Number  op  Teeth  in  Continuous  Action,  in  Mating  Pinions  of  the 

Same  Size 

case  of  the  two  smallest,  or  16-tooth  pinions  meshing  with  each  other, 
and  so  there  is  no  interference  in  any  gears  of  this  series. 

12  This  change  in  the  direction  of  the  line  indicates  that  many 
cases  have  two  solutions.  For  instance,  let  it  be  required  to  find  the 
proper  pressure  angle  for  1.1  teeth  in  continuous  contact,  in  a  pair  of 
12-tooth  gears,  when  jS  =  0.8.  Following  the  curve  n  =  1.1,S  =  0.8, 
we  find  that  it  crosses  the  12-tooth  ordinate  at  about  24  deg.  12  min. 
Following  this  curve  down  to  its  junction  with  the  main  curve,  n  = 
1.1,  we  find  that  this  crosses  the  12-tooth  ordinate  again  at  about  16 
deg.     Thus  there  appears  to  be,  as  there  are,  two  solutions  to  the 
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problem.  These  two  results  are  shown  diagrammatically  in  Fig. 
6  and  7.  In  the  first  case,  above  the  interference  point,  the  action  is 
limited  by  the  points  E  and  F,  determined  by  the  addendum  circles 
for  S  —  0.8.  In  the  second  case,  where  interference  occurs,  the  action 
is  limited  by  points  C  and  D,  the  points  of  tangency  with  the  base 
circles.  The  amount  of  action  with  these  two  different  angles  is  the 
same,  there  being  1.1  teeth  in  continuous  contact  in  each  case.  In 
Fig.  6  the  teeth  are  in  conjugate  action  clear  out  to  their  points,  while  in 
Fig.  7  these  points  have  to  be  corrected  for  interference.  In  Fig.  6, 
making  S  =  1.0  increases  the  number  of  teeth  in  contact  by  lengthen- 
ing the  line  of  action  to  E'F'.  In  Fig.  7,  it  will  be  seen,  a  similar 
increase  of  addendum  makes  no  change  in  the  number  of  teeth  in  con- 
tact, as  the  action  is  still  limited  by  points  C  and  D. 


-.  c 


ddendum  Circles 
Baae  Circle 


^Base  Circles  ^ 

^Addendum  Circles'^ 

FlQ.   6      lillUTATION   OF  CONJUGATE  FlO.    7      LOOTATION  OP  CONJUGATB 

Action  by  tbb  Addendum  Circles  Action  bt  Interfebencs 


13    The  following  formula  was  used  for  plotting  the  curves  above 
the  interference  points  in  the  diagram  in  Fig.  6: 


N^ 


{•^K  COB  ay  —  S 
S  —  ^nsinaXcoaa 


(3) 


14    The    following    formula  was  used  for   plotting  the   curves 
below  the  interference  point: 


N  ^  n  n  cot  a 


(4) 


16  Fig.  8  shows  the  maximum  and  minimum  number  of  teeth  in 
contact,  for  any  system  of  interchangeable  involute  gearing  in  which 
the  12-tooth  pinion  is  the  smallest.  The  minimum  contact  occurs  in  the 
case  of  two  12-tooth  pinions  in  mesh,  and  the  maximum  in  the  imprac- 
tical case  of  two  racks  in  mesh.    As  will  be  seen,  the  14i-deg.  stand- 
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ard  series  of  whatever  height  of  addendum,  gives  less  than  continuous 
action,  being  about  0.987.  It  will  also  be  noticed  that  below  the 
points  of  interference  for  the  12-tooth  pinion  (represented  by  the 
junction  points  of  the  maximum  and  minimum  lines  with  the  inter- 
ference line)  the  contact  is  constant.  Thus,  for  a  system  in  which 
a  =  20  deg.  and  S  =  1.0,  the  amount  of  contact  between  any  two 
gears  of  the  series  from  12  teeth  to  a  rack,  is  constant  at  about  1.40, 
while  for  a  system  in  which  a  »  22.  deg.  30  min.  and  /S  =  1.0,  the 
amount  of  contact  varies  between  1.36  for  a  minimum  and  1.58  for  a 
maximum.  Fig.  3  and  4  show  this  condition,  which  indicates  that  if  in 
any  series  there  is  interference  in  the  case  of  the  two  pinions  having  the 

ST^aOr  '   '   I  -Ml'    i^r   I   Ti    I n  Z*  SO 
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1.150 


Fig.  8  Maximum  and  Minimum  Num- 
ber OP  Teeth  in  Continuous 
Action 


Fig.  9    Side  Pressure  on  Bbarinq 


smallest  number  of  teeth  allowed  by  the  series,  the  amount  of  action 
obtained  in  that  case  is  constant  for  any  other  case  throughout  the 
whole  series,  up  to  that  of  two  racks  meshing  with  each  other.  As  far 
as  the  author  knows,  this  condition  has  never  before  been  noticed. 
16  In  Fig.  3,  which  shows  two  minimum  pinions  of  a  series  mesh- 
ing with  each  other,  the  action  is  limited  to  the  line  CD.  In  Fig. 
4,  which  shows  the  minimum  pinion  meshing  with  a  rack,  the  action  is 
still  limited  to  the  same  line  CD.  It  cannot  extend  beyond  C  in  one 
direction,  because  it  cannot  pass  the  point  of  tangency  in  the  base 
circle  of  the  pinion.  It  cannot  pass  beyond  D  in  the  other  direction, 
because  the  points  of  the  pinion  teeth  are  corrected  beyond  the 
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interference  circle,  losing  their  true  involute  form.  In  the  case  of  any 
other  gear  meshing  with  a  rack,  the  action  is  limited  at  C  on  one 
end  owing  to  the  correction  for  interference  of  the  points  of  the 
rack  teeth,  and  at  D  on  the  other  end  owing  to  the  correction  for 
interference  of  the  points  of  the  gear  teeth.  And  in  the  case  of  any 
two  gears,  the  action  is  similarly  limited  to  the  line  CD  by  the  correc- 
tions for  interference  at  the  points  of  the  teeth.  As  may  be  seen,  then, 
a  true  involute  system  in  which  a  =  14i  deg.  and  S  =  1.0,  just  fails  of 
continuous  conjugate  action  in  the  case  of  any  two  gears  of  the  series. 

17  The  formula  used  for  calculating  the  maximum  curves  of  Kg. 
8,  above  the  interference  points,  is  as  follows: 

n=  — (6) 

stna  X  COS  aX^ 

18  The  formula  used  for  calculating  the  minimum  curves  is  as 
follows: 

2 


K  COS 


-[1/(6  +  S)^  -  (6  cosa)^-'6sina 


(6) 


19  The  formula  for  calculating  the  interference  line,  which  gives 
the  contact  below  the  interference  points,  is  the  same  as  formula  4 
when  N  =  12: 

12  tana 
n  = 

20  One  of  the  great  practical  advantages  of  the  involute  gear  is 
the  possibility  of  varying  the  center  distance  without  interfering  with 
true  conjugate  action.  The  comparative  amount  of  separation  possi- 
ble for  any  two  proposed  systems,  without  losing  continuous  action, 
may  be  estimated  from  Fig.  8  by  comparing  the  amounts  of  continu- 
ous action  for  the  two  cases.  Naturally  the  one  having  the  greater 
number  of  teeth  in  continuous  action  will  stand  more  separation  than 
one  which  has  less.  This  point  could  be  calculated,  but  by  processes 
so  deviom  that  it  did  not  seem  worth  while  to  spend  the  time  for  it. 

21  With  increase  of  the  pressure  angle  there  is  an  increase  in  the 
side  pressure  on  the  journals.  Since  the  side  pressure  of  the  journals 
is  the  resultant  of  the  tangential  pressure  between  the  mating  teeth 
at  the  pitch  Une,  and  the  radial  outward  thrust  due  to  the  angularity 
of  the  meshing  surfaces  at  the  pitch  line,  it  varies  directly  with  the 
secant  of  the  angle.  The  curve  shown  in  Fig.  9  is  therefore  a  secant 
curve. 
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22  The  rational  formula  for  the  strength  of  gearing  is  the  well 
known  one  developed  by  Mr.  Lewis.*  For  diametral  pitch  measure- 
ments, this  formula  takes  the  following  form: 

rrr       ^^2/ 

yy     p 

in  which  W  =  the  load  transmitted  by  the  teeth  in  pounds. 

S  =  the  safe  working  stress  of  the  material. 

P  =  the  diametral  pitch. 

F  =  the  face  in  inches. 

y  =  a  factor  depending  on  the  form  of  the  teeth. 
As  the  strength  varies  directly  with  y,  this  factor  forms  the  basis  of 
comparison  for  different  forms  of  teeth. 


Fig.  10    Maximum  AND  Minimum  Val- 
ues OF  Strength  Factor  for 
Typical  Cases 


Fig.  11    Comparison  of  Values  for 

y  Here  Obtained,  with  those 

Calculated  by  Mr.  Lewis 


23  Fig.  10  shows  the  maximum  and  minimum  values  of  y  for 
certain  selected  forms  of  gear  teeth.  It  will  be  seen  that  the  values 
of  y  rise  rapidly  with  the  decrease  of  the  addendum,  and  more  slowly 
with  an  increase  of  the  pressure  angle,  which  does  not  affect  it  so 
much. 

24  This  y  factor  was  obtained  by  the  method  laid  down  by  Mr. 
Lewis,  with  the  incorporation  of  a  slight  refinement,  taking  into 
account  the  fact  that  the  pressure  is  applied  to  the  teeth  at  a  point 

•  Kent's  Pocket  Book,  p.  901. 
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above  the  pitch  line.  In  order  to  get  the  values  of  y  in  the  case  of 
gears  in  which  there  is  interference,  the  form  of  the  flank  of  the  12- 
tooth  pinion  below  the  base  line  had  to  be  arbitrarily  determined. 
The  proper  corrections  of  the  faces  of  the  teeth  were  obtained  by  con- 
sidering the  flanks  of  the  12-tooth  pinion  to  be  radial  below  the  base 
line.  This  gave  to  the  rack  teeth  a  cycloidal  form  above  the  inter- 
ference line,  generated  by  a  rolling  circle  of  half  the  pitch  diameter 
of  the  12-tooth  pinion.  In  order  to  get  the  proper  form  of  the  fillet 
on  the  12-tooth  pinion,  the  rack  tooth  was  lengthened  by  an  amount 
equal  to  the  clearance,  and  the  corner  of  this  extended  tooth  was 
rounded  with  a  radius  equal  to  f  of  the  clearance.  The  pitch  line  of 
this  extended  tooth  was  rolled  on  the  pitch  line  of  the  12-tooth  pinion, 
and  the  fillet  thus  generated  used  in  obtaining  the  factor  y.  As  the 
shape  of  the  fillet  is  of  great  importance  in  strengthening  a  gear  tooth, 
it  was  thought  best  to  determine  it  rationally  as  just  described,  its 
form  being  that  which  would  be  given  it  by  a  generating  process  such 
as  that  of  the  bobbing  machine. 

25  Fig.  11  shows  that  the  values  obtained  for  y  vary  somewhat 
from  those  obtained  by  Mr.  Lewis  (it  will  be  noted  that  his  values 
have  been  multiplied  by  ;r  to  make  the  formula  read  for  diametral 
pitch).  This  variation  is  probably  due  to  the  fact  that  in  this  investi- 
gation the  outlines  from  which  the  factors  are  calculated  have  their 
teeth  corrected  for  interference,  thus  bringing  the  normal  pressure  at  a 
greater  angle  at  the  points  of  the  teeth;  and  to  the  fact  that  the  fillets 
have  been  constructed  by  the  method  just  described. 

26  The  work  lost  in  friction  in  the  case  of  two  gears  meshing  with 
each  other  is  proportionate  to  the  product  of  the  rate  of  sliding  and  the 
normal  pressure  on  the  surfaces  in  contact.  This  rate  of  sliding  varies 
directly  with  the  distance  of  the  point  of  contact  from  the  pitch  point 
0  (Pig.  3  and  4,  etc.)  of  the  gears.  The  pressure  is  constant  through- 
out the  action,  except  that  when  two  teeth  are  in  contact  it  may 
be  considered  that  the  pressure  is  evenly  divided  between  them. 
The  diagram  in  Fig.  12  was  calculated  by  a  modification  of  the 
method  devised  by  an  English  engineer,  Mr.  Bruce,*  the  modifica- 
tion being  simply  that  of  considering  the  pressure  on  two  sets  of  teeth 
as  evenly  divided  between  them,  when  there  are  two  sets  of  teeth 
in  continuous  action.  His  method  also  needed  correction  to  allow  for 
the  increase  of  pressure  with  the  increase  of  a,  and  to  take  into 
account  the  time  scale  for  distances  on  the  line  of  action.     The 

>  American  Machinist,  October  lO,  1901 
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calculations  are  made  for  a  single  case  of  gearing,  an  18-tooth  pinion 
driving  a  60-tooth  gear.    This  case  was  selected  as  typical. 

27  The  diagram  for  durability  is  shown  in  Fig.  13.  The  wear 
between  the  teeth  of  two  gears  is  proportionate  to  the  continued  prod- 
uct of  the  pressure,  the  rate  of  sliding,  and  a  third  factor  which 
depends  on  the  shape  of  the  surfaces  in  contact.  This  factor  is 
greater  for  sharply  curved  convex  surfaces  and  less  for  a  large  radios 
curve  rubbing  on  a  flat  surface,  for  instance.  This  being  the  case,  it 
seemed  to  the  author  that  a  reasonable  basis  of  comparison  for  differ- 
ent systems  of  gearing  could  be  made  by  multiplying  the  values  ^ven 


1.00  1^  8L0O  9L90 


Fig.  12    Comparattyb  Amount  of      Fig.  13    CoMPARATnrE  Dura- 
Lost  Work  bilitt 

in  the  diagram  of  Fig.  12  by  a  factor  determined  from  the  shapes  of 
the  siuf  aces  in  contact,  and  plotting  the  reciprocal.  In  determining 
this  factor,  the  author  has  followed  Mr.  C.  H.  Logue,*  who  obtains 
it  by  adding  together  the  siuus  of  the  curvatures  (that  is,  the  sums 
of  the  reciprocals  of  the  instantaneous  radii)  of  the  gear  teeth  at  the 
pitch  line.  This  should  ^ve  a  value  which  ia  approximately  an 
average  of  the  conditions  existing  throughout  the  entire  action.  (It 
should  be  understood  that  Fig.  12  and  13  indicate  comparative 
values  only.  Positive  calculations  of  efficiency  or  durability  are  not 
here  contemplated.) 

'  American  Machinist,  February,  1908. 
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28  The  question  of  permanency  of  form  may  be  considered  aside 
from  that  of  durability.  By  durability  we  mean  the  lasting  qual- 
ity of  the  gear,  without  reference  to  whether  or  not  it  keeps  its 
shape  in  the  wearing  process.  A  gear  which  has  permanency  to  a 
high  degree  might  wear  out  very  rapidly,  but  it  would  retain  nearly 
its  true  form  throughout  the  whole  of  its  short  life.  In  Fig.  14  are 
given  a  series  of  diagrams  showing  the  tendency  of  a  correctly  formed 
tooth  to  wear  at  different  points  of  the, tooth  outlines,  in  the  case  of  a 
12-tooth  pinion  and  the  rack,  and  for  the  same  pressure  angles  and 
addendums  that  were  selected  for  the  strength  diagram  of  Fig.  10. 

29  Besides  the  various  factors  for  which  we  have  given  diagrams, 
there  are  a  number  of  important  ones  of  such  a  nature  as  to  be  in- 
calculable. One  of  these  factors  is  the  suitability  of  a  system  for 
use  in  different  methods  of  tooth  cutting.  Any  form  of  tooth  which 
involves  interference  is  very  imsatisfactory  for  use  in  any  generating 
process  for  instance.  The  formed  cutter  process  works  with  equal 
facility  on  any  form  of  tooth,  except  that  the  increase  in  the  pressure 
angle  gives  somewhat  more  side  clearance,  leading  to  a  freer  cutting 
action. 

30  The  vital  incalculable  factor  is  smoothness  of  running.  Smooth- 
ness of  action  depends  theoretically  on  perfect  conj  ugate  action  between 
the  mating  teeth.  In  practice  it  depends  as  well  on  accuracy  of 
cutting  tools  and  accuracy  of  machine  setting.  The  cutter  may 
be  set  out  of  center,  or  set  deeper  than  required,  or  have  its  face 
groimd  at  an  angle  considerably  away  from  the  radial  plane  required 
to  ©ive  the  true  cutting  shape.  The  standard  form  of  gear  tooth, 
developed  by  the  Brown  &  Sharpe  Manufacturing  Company,  has  been 
improved  by  long  practical  experience  to  a  point  where  it  takes  care 
of  these  practical  inaccuracies  in  a  very  satisfactory  way.  This  is 
possible,  it  appears  to  the  writer,  on  account  of  the  considerable  por- 
tion of  the  outline  which  is  indeterminate  in  form,  namely,  that  part 
of  the  outline  outside  of  the  interference  circle  and  inside  of  the  base 
circle  (see  Fig.  2).  These  can  be  given  any  shape  shown  by  practice  to 
be  proper  for  leading  the  teeth  gently  into  action  with  each  other  at 
high  speeds  even  with  inaccurate  cutting.  Of  course  this  shaping  is 
entirely  founded  on  experience. 

31  It  might  be  mentioned  that  the  inaccuracies  just  mentioned 
as  occurring  in  practical  gear  cutting  are  those  chiefly  met  with  in  the 
formed  cutter  method.  The  inaccuracies  of  the  generating  processes 
are  mostly  due  to  difficulties  in  forming  the  cutters,  and  in  taking  care 
of  the  strains  in  the  machine  without  deflecting  the  mechanism. 
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Looked  at  from  this  standpoint,  it  may  be  that  the  standard  form  is 
best  for  formed  cutter  work,  while  larger  angles  and  shorter  adden- 
dums  are  more  suitable  for  generating  processes. 

BELATIVE  IMPOBTANCE   OF  THE   VABIOUS   CONSIDEBATIONS 

32  As  to  the  importance  of  the  various  considerations  mentioned 
above  as  being  affected  by  changes  of  the  pressure  angle  and  adden- 
dum, it  may  be  said  that  the  difficulty  due  to  interference  (apart  from 
its  effect  on  strength,  efficiency,  etc.,  which  is  considered  under  those 
heads)  is  that  of  making  the  shape  of  the  gear  indeterminate.  The 
design  of  the  standard  gear  is  empirical.  While  the  writer  has 
followed  the  plan  of  making  the  flanks  of  the  12-tooth  pinion  radial, 
and  generating  the  fillet  by  means  of  an  extended  and  rounded  rack 
tooth,  produced  by  such  a  radial  flank,  he  does  not  know  that  this  is 
the  form  of  the  standard  tooth.  The  exact  form  is  known  only  to 
the  makers  of  standard  cutters  and  is  not  public  knowledge.  It 
will  be  seen  that  this  matter  of  interference  makes  of  the  standard 
system  practically  a  short  tooth  system  so  far  as  the  theoretical  bear- 
ing is  concerned.  This  is  plainly  shown  in  Fig.  14,  for  Case  1,  which 
is  the  standard  involute  gear  tooth.  The  bearing  extends  over  but  a 
very  small  part  of  the  tooth  face  and  flanks.  The  bearing  can,  of 
course,  be  carried  clear  to  the  points  of  the  teeth  by  making  the  non- 
involute  parts  of  the  teeth  on  some  other  conjugate  system,  as  was 
done,  for  instance,  by  the  author  in  par.  24  by  the  cycloidal  correc- 
tions. This  would  give  more  action  than  Fig.  8,  but  since  only  a 
part  of  it  is  involute,  the  excess  of  action  would  be  lost  as  soon  as  the 
center  distance  is  changed.  A  conjugate  correction  of  this  kind  is 
made  by  the  manufacturers  of  standard  cutters. 

33  The  number  of  teeth  in  continuous  action,  shown  in  the  dia- 
gram of  Fig.  8,  is  of  importance  principally  in  relation  to  smoothness  of 
action.  It  is  not  generally  considered  possible  to  count  on  distribut- 
ting  the  load  evenly  between  two  teeth  in  calculating  the  strength  of 
gearing,  though  it  will  be  noted  that  where  n  is  slightly  more  than 
unity,  two  teeth  are  in  bearing  at  the  beginning  and  end  of  the  action, 
when  the  fiber  stress  in  the  teeth  is  at  the  greatest.  In  the  matter 
of  smoothness  of  action,  it  is  necessary  to  have  one  pair  of  teeth  take 
up  the  load  before  the  previous  pair  drop  it.  Increased  smoothness  of 
action,  due  to  smoothing  out  irregularities  in  cutting,  could  be  effected 
by  having  two,  three  or  more  sets  of  teeth  in  action  at  one  time,  but 
this   is   impracticable   with   interchangeable   involute   gearing.     A 
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considerable  length  of  contact  is  also  of  advantage  in  permitting  a 
considerable  variation  in  the  center  distance,  without  loss  of  continu- 
ity of  action,  as  previously  explained.  In  this  respect  the  increased 
pressure  angles  will  be  seen  to  have  considerable  advantage  over  the 
standard  form. 

34  The  side  pressure,  shown  in  Fig.  9,  is  an  almost  negligible  fac- 
tor. As  may  be  seen,  the  increase  for  even  so  great  an  angle  as  27i 
deg.  is  only  9  per  cent  above  that  given  by  the  standard  form.     At 


Fig.  14    Permanency  op  Form 

22i  deg.  it  is  3J  per  cent  above.  As  the  shaft  bearings  can  take  care 
of  this  slight  increase  of  side  pressure  in  a  perfectly  normal  and 
satisfactory  way,  the  question  scarcely  enters  into  consideration. 

35  The  matter  of  strength  is  an  important  one.  If  a  stronger 
form  of  tooth  can  be  used,  many  mechanisms  can  be  gotten  into  a 
much  smaller  space  than  is  otherwise  possible.  A  case  in  point 
is  the  design  of  geared  speed  and  feed  mechanism  for  machine  tools, 
in  which  the  space  problem  is  usually  serious.     By  decreasing  the 
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face  of  the  gear  to  correspond  with  an  increase  in  the  strength  factor 
y,  the  problem  of  the  designer  would  be  greatly  simplified.  Instead 
of  reducing  the  width  of  the  gear  by  using  a  stronger  form  of  tooth, 
advantage  can  be  taken  of  the  stronger  form  to  increase  the  number  of 
teeth  and  make  them  of  finer  pitch.  This  gives  smoother  action, 
owing  to  the  small  inaccuracies  in  the  fine  teeth.  Smoother  action 
at  high  speed  also  means  increased  strength,  owing  to  the  lessening 
of  stresses  due  to  impact.  It  is  becoming  recognized  that  impact  at 
high  speeds  is  greatly  affected  by  the  accuracy  of  the  surfaces  in 
contact;  and  even  where  the  strength  is  sufficient  the  matter  of  noise 
in  high  speed  gearing  is  of  great  commercial  importance.  People 
would  not  buy  noisy  gearing  if  they  could  help  it,  even  if  it  fulfilled 
their  requirements  in  every  other  particular. 

36  The  question  of  lost  work  (plotted  in  the  diagram  of  Fig.  12) 
is  not  a  matter  of  serious  moment.  The  efficiency  of  well-made  spur 
gearing  is  so  high^  that  the  sU^t  variations  indicated  by  the  diagram 
are  of  small  practical  importance.  This  diagram  of  course  takes  no 
account  of  the  increase  in  lost  work  due  to  increase  in  journal  pres- 
sure, which  is  an  inconsiderable  factor  with  well  made  bearings. 

37  Durability  is  of  much  more  importance.  Gears  have  been 
almost  invariably  designed  hitherto  for  strength  rather  than  durabil- 
ity, but  it  is  becoming  recognized  that  in  many  cases  the  principal 
factor  in  gear  design  is  the  wear  of  the  teeth.  If  then  the  methods  by 
which  the  table  of  Fig.  13  is  calculated  are  rational,  the  results  there 
shown  are  of  considerable  importance. 

38  Permanency  of  form  is  another  important  factor.  Gears 
which  the  writer  has  seen  worn  out  in  hard  service,  show  very  plainly 
the  severe  concentrated  wear  inside  the  pitch  line  indicated  in  Case  I 
of  Fig.  14.  The  advantageous  effect  of  an  increased  pressure  angle 
on  permanency  is  worthy  of  consideration. 

39  The  fitness  of  a  tooth  form  for  various  cutting  processes  is  of 
importance  in  determining  the  future  of  the  apparently  attractive 
generating  methods  of  cutting  gear  teeth.  One  form  of  generating 
process  has  come  into  extensive  use  in  spite  of  the  handicap  of  the 
14i-deg.  angle,  with  the  various  corrections  for  interference  required. 
There  is  reason  to  believe,  however,  that  this  process  works  better 
with  forms  of  teeth  in  which  the  angle  is  increased  or  the  addendum 
decreased.  In  the  matter  of  the  bobbing  process,  which  has  developed 
so  rapidly  in  the  past  two  or  three  years,  the  author  must  say  that 

*  Mr.  Lewis'  experiments,  Kent's  Pocket  Book,  p.  899. 
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he  has  seen  comparatively  little  gearing  cut  by  this  process  that 
seemed  entirely  satisfactory.  This  opinion  will  doubtless  be  disputed 
by  all  the  makers  and  most  of  the  users  of  these  machines;  but  the 
difficulties  of  the  process  are  recognized  by  everyone  concerned, 
and  many  of  them  would  be  removed  by  a  change  in  the  form  of  tooth. 
Were  the  change  advisable  for  other  reasons,  this  fitness  for  genera- 
tion would  be  an  added  advantage,  though  it  would  scarcely  be 
worth  changing  on  this  score  alone.  So  far  as  cutting  teeth  by  the 
formed  cutter  process  is  concerned,  an  increase  in  the  pressure  angle 
is  favorable,  as  more  side  clearance  is  obtained  for  the  cutter;  while 
decreasing  the  addendum  gives  a  less  volume  to  cut  out,  and  a  conse- 
quently cheaper  production  of  gears.  It  might  also  be  mentioned  in 
this  connection  that  the  decrease  in  face  or  pitch  that  could  be 
obtwned  by  the  yse  of  stronger  forms  of  teeth  would  also  result  in 
cheapening  the  gear,  owing  to  the  fact  that  less  metal  would  have  to 
be  removed. 

TYPICAL  DEPARTURES  FROM  THE  STANDARD  FORMS 

40  Among  the  various  departures  from  standard  practice  which 
have  been  made  from  time  to  time,  and  especially  in  recent  years,  the 
writer  will  mention  a  few  typical  cases.  The  first  is  that  of  William 
Sellers  &  Company  who  have  for  many  years  used  a  form  of  inter- 
changeable gearing  in  which  S  »  0.942  and  a  *=  20  deg.  This  form 
was  determined  by  Mr.  Wilfred  Lewis,  and  is  said  to  have  given  con- 
tinuous satisfaction.  A  form  of  gear  in  use  in  the  practice  of  the  C. 
W.  Hunt  Co.  retains  14i-deg.  pressure  angle,  but  uses  a  shorter 
addendum  in  which  S  *=  0.785.  While  the  Sellers  standard  was 
adopted  principally  for  the  avoiding  of  interference  and  for  the  increase 
of  strength  obtained,  the  Hunt  standard  is  based  on  the  increase  of 
strength  alone,  which  is,  as  shown  by  the  diagram  in  Fig.  10,  more 
effectively  obtained  by  reducing  the  addendum  than  by  increasing 
the  pressure  angle.  Mr.  Hunt  states  that  this  gearing  has  given 
unexceptional  results  in  smoothness  of  action,  as  well  as  being  stronger. 
What  is  practically  the  Sellers  form  of  tooth,  except  that  jS  =  1.0, 
has  recently  come  into  limited  use  in  machine  tool  design,  particularly 
in  the  case  of  the  geared  drives  for  heavy  duty  spindles. 

41  In  rolling  mill  work  it  has  been  the  practice  for  many  years 
to  use  pressure  angles  as  high  as  28  deg. ,  which  angle  has  been  employed, 
the  author  understands,  by  the  Carnegie  Steel  Company.  22^  deg. 
is  a  very  common  pressure  angle.     The  addendum  varies,  being 
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sometimes  of  standard  height  and  sometimes  considerably  less.  A 
typical  example  is  that  of  the  Wellman-Seaver-Morgan  Engineering 
Company  of  Cleveland,  O.  Through  the  courtesy  of  Mr.  Stratton, 
Engineer  of  Construction,  the  writer  has  received  blue-prints  of  the 
lay-out  for  the  gears  of  a  22-in.  blooming  mill,  in  which  the  pressure 
angle  is  20  deg.  and  the  addendum  0.785.  Even  shorter  forms  of 
teeth  have  been  used  by  this  company  in  their  gearing  for  their 
automatic  water  hoist,  in  which  the  pressure  angle  is  20  deg.  and  the 
addendum  about  0.6.  In  rolling  mill  work  in  general,  of  course  the 
prime  consideration  is  strength,  and  this  is  undeniably  obtained  by 
such  departures  from  standard  form. 

42  A  form  of  tooth  that  has  found  wide  use,  particularly  in  auto- 
mobile work,  is  the  so-called  "  stub  tooth,"  developed  by  the  Fellows 
Gear  Shaper  Company.  In  this  the  pressure  angle  is  20  deg.,  while 
the  addendum  varies  from  0.7  to  0.8,  depending  upon  the  pitch  of  the 
gear.  While  the  particular  way  in  which  this  variation  of  the  adden- 
dum is  taken  care  of  is  very  convenient  for  the  operator  of  this  builder's 
machine,  it  seems  to  the  writer  a  mistake  not  to  have  made  it  con- 
stant for  all  pitches.  This  is  aside  from  the  question  of  its  general 
suitability  however. 

43  In  reply  to  letters  sent  out  to  automobile  builders  (all  the 
members  of  the  American  League  of  Automobile  Manufacturers), 
the  writer  received  thirteen  replies,  in  which  seven  stated  that  they 
were  using  the  "  stub  tooth"  while  four  were  using  the  standard  form. 
Of  those  using  the  special  gearing  five  stated  that  they  had  proved 
in  service  its  ability  to  run  as  smoothly  as  the  standard  form,  and 
of  these,  two  had  obtained  even  better  results  from  it  in  this 
respect.  Smoothness  of  action  was  not  mentioned  in  the  inquiry,  so 
that  the  information  on  this  point  was  purely  gratuitous. 

COMPARISION   OF  TYPICAL  INVOLUTE  TOOTH   SYSTEMS 

44  It  is  proposed  to  give,  in  connection  with  this  discussion  of  the 
effect  of  the  variation  of  pressure  angle  and  addendum,  a  comparison, 
by  the  diagrams  herewith  presented,  of  various  typical  forms  of  gearing 
in  relation  to  the  practical  points  just  discussed.  For  the  purposes 
of  this  discussion  the  following  forms  are  considered: 

Case  1:  a  =  14i  deg.,  S  =  1.0. 
Case  2:  a  =  14i  deg.,  S  =  0.8. 
Case  3:  a  =  20  deg.,  S  =  1.0. 
Case  4:  a  =  20  deg.,  S  =  0.8. 
Case  5:  a  =  22^  deg.,  S  =  1.0. 
Case  6:  a  =  22i  deg.,  S  -  0.8. 
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45  Case  1  has  the  standard  dimensions.  Case  2  is  practically  the 
Hunt  system;  3  is  the  Sellers  system;  and  4  is  practically  the  "stub 
tooth"  system.  The  last  two  columns  show  the  effect  on  the  Sellers  and 
"stub  tooth"  systems  respectively,  of  increasing  the  pressure  angle 
from  20  to  22^  degrees.  The  table, in  which  these  various  forms  with 
their  corresponding  advantages  and  defects  are  tabulated,  suggests 
that  by  a  change  in  the  present  standard  of  gearing,  marked  advan- 
tages could  be  obtained  on  the  following  scores:  avoidance  of  inter- 
ference, giving  a  greater  number  of  teeth  in  true  involute  action,  and 

COMPARISON  OF  SELECTED  EXAMPLES  OF  INVOLUTE  GEAR  TOOTH  SYSTEMS 


Point  of  comparison 


I  Case  1  I  /-.        o 

SUndaiU  C"c  2  I  CMC  3  Case  4 

adden-  '    Hunt    I  Sellers  ..gtub 

dum  and  "tandard  standard  tooth'' 

pressure  (»PP'^'^-  ^fPP'^^*",  (approx- 
^gle    I  imate)      >mate)      imate) 


Case  5 


Ca»c(f 


Smallest  pinion  in  series,  to  avoid  inter-i 
ferenoe 

Maximum  number  of  teeth  withouti 
correction  for  interference  with  12- 
tooth  gear 


32 


None 


Maximum   and   minimum   number   of 

teeth  in  continuous  contact 0.98 

Proportion  of  side  pressure  on   bear- 
ing to  tangential  pressure 1 .  033 


26 


None 


0.98 


17 


None 


1.38 


14 


36 


1.38 
1.18 


I 


1.033        1.064  I     1.064 

I 
0.503  I     0.468       0.54:J 


Strength  factor  of  rack '     0.437 

Strength  factor  of  12-tooth  gear 0.244,     0.315,     0.265 

Comparative  loss  of  work  from  friction        475     '         475  |         572 


Comparative  durability. 
Permanency , 


1.21 


.21 


1.39 


0.354 
552 
1.44 


14 


35 


1.68 
1.36 


Hack 


1.44 
1.13 


l.0C^2        1.0..2 

I- 
0.477  j     0.583 

0.289  I     0.374 


628 
1.40 


See  Fig.     14 


532 


For  incalulable  factors,  see  text. 


permitting  more  separation  with  continuous  contact;  increase  of 
strength;  increase  of  durability;  increase  in  permanency  of  shape; 
and  increase  in  fitness  for  generation  and  cutting  by  formed  cutters. 
On  the  other  hand,  such  changes  means  an  increase  in  side  pressure, 
comparatively  little  change  in  efficiency,  and  an  incalculable  and 
unknown  change  in  smoothness  of  action.  Side  pressure  and  effi- 
ciency (as  has  been  shown)  are  of  comparatively  minor  importance. 
Smoothness  of  action  is  of  prime  importance.     The  results  of  a  change. 
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in  this  respect  can  only  be  arrived  at  by  learning  the  experience 
of  the  users  of  various  forms  of  gearing,  and  the  author  hopes  for  a 
full  discussion  in  order  that  every  known  fact  relating  to  smoothness 
of  action  may  be  brought  to  bear  on  this  question. 

46  Whatever  the  condition  relative  to  high  speed  work,  however, 
it  seems  to  the  author  that  the  preceding  discussion  points  clearly  to 
the  wisdom  of  an  alternative  gear  tooth  standard  of  shorter  adden- 
dum and  increased  pressure  angle  for  such  work  as  heavy  mill  gear- 
ing, and  slow  speed  gearing  in  general  in  which  smoothness  of  action  is 
not  a  prime  requirement.  Increased  strength  and  permanency  of 
form  would  appeal  particularly  to  engineers  whose  work  permits  them 
to  design  machinery  by  rational  rather  than  by  empirical  methods. 

47  Aside  from  the  specific  cases  mentioned,  correspondence  and 
conversation  with  makers  of  cut  gearing  bears  testimony  to  a  grow- 
ing demand  for,  and  use  of,  a  stronger  form  of  tooth.  The  adoption 
of  a  standard  for  this  work  would  give  all  the  advantages  which  come 
from  standardizing:  the  preparation  of  tables  of  dimensions  and  of 
strength;  the  devising  of  odontographic  tables  for  the  fillet  at  the 
root  of  the  tooth,  and  for  the  correction — ^if  any  is  needed;  and  the 
reduction  in  the  stock  of  form  tools  necessary  for  doing  a  general 
line  of  gear  cutting  work. 

48  In  any  event,  a  standard  of  gearing  of  known  form,  which 
can  be  laid  out  by  any  engineer  who  desires  to  employ  it,  would  be  an 
advantage,  if  such,  a  consummation  is  possible  without  sacrificing 
any  of  the  good  qualities  which  we  are  accustomed  to  expect  from 
the  present  standard. 

DISCUSSION 

Mr.  Wilfred  Lewis  I  think  Mr.  Flanders  has  presented  a  very 
illuminating  and  complete  analysis  of  the  conditions  governing  the 
intelligent  use  of  interchangeable  involute  gearing  from  a  12-toothed 
pinion  to  a  rack.  It  appears  from  this  that  the  so-called  standard 
14i  deg.  system  is  really  no  system  at  all,  but  rather  an  evolution  by 
a  sort  of  trimming  process  from  the  errors  of  the  past. 

2  About  thirty  years  ago  when  I  first  began  to  study  the  subject, 
the  only  system  of  gearing  that  stood  in  much  favor  with  machine  tool 
builders  was  the  cycloidal  in  which  the  describing  circle  was  made 
one-half  the  diameter  of  a  12-toothed  pinion,  thus  giving  it  radial 
flanks.  At  that  time  I  was  called  upon  to  investigate  a  cutter  forming 
machine  in  which  the  faces  and  flanks  of  the  cutter  were  approximated 
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by  circular  arcs.  I  soon  came  to  the  conclusion  that  the  true  form 
of  such  cutters  could  not  be  approximated  by  circular  arcs  near 
enough  to  give  satisfactory  results,  and  I  worked  out  a  scheme  whereby 
the  machine  was  modified  to  form  the  faces  and  flanks  each  by  two 
tangent  arcs  instead  of  one.  Some  improvement  in  action  resulted 
from  this  change,  but  the  gearing  produced  was  still  noisy,  and  this 
improvement  was  followed  by  the  very  radical  one  of  building  a  cutter 
forming  machine  in  which  the  shapes  produced  were  actually  rolled. 
For  some  time  thereafter  Wm.  Sellers  &  Company,  with  whom  I  was 
connected,  continued  to  use  cylindrical  gearing  made  by  cutters  of 
the  true  shape,  but  the  well  known  objection  to  this  form  of  tooth 
began  to  be  felt,  and  possibly  twenty-five  years  ago  my  attention  was 
tiuned  to  the  advantages  of  an  involute  system.  The  involute  sys- 
tems in  use  at  that  time  were  the  one  here  described  as  standard, 
having  14^  deg.  obliquity,  and  another  recommended  by  Willis  having 
an  obliquity  of  15  deg.  Neither  of  these  satisfied  the  requirements  of 
an  interchangeable  system,  and  with  some  hesitation  I  recommended 
a  20  deg.  system,  which  was  adopted  by  Wm.  Sellers  &  Company  and 
has  worked  to  their  satisfaction  ever  since.  I  did  not  at  that  time 
have  quite  the  courage  of  my  convictions  that  the  obliquity  should  be 
22^  deg.  or  one-fourth  of  a  right  angle.  Possibly,  however,  the  obliquity 
of  20  deg.  may  still  be  justified,  by  reducing  the  addendum  from  a 
value  of  one  to  some  fraction  thereof,  but  I  would  not  imdertake  at 
this  time  to  say  which  of  the  two  methods  I  would  prefer.  In  a 
general  way  I  think  Mr.  Flanders  has  raised  a  very  important  ques- 
tion, and  one  which  should  be  taken  up  by  the  Society. 

3  I  brought  up  the  same  question  nine  years  ago  before  the 
Engineers'  Club  of  Philadelphia,  and  said  at  that  time  that  a  com- 
mittee ought  to  be  appointed  to  investigate  and  report  on  an  inter- 
changeable system  of  gearing.  We  have  an  interchangeable  system 
of  screw  threads,  of  which  everybody  knows  the  advantage,  and  there 
is  no  reason  why  we  should  not  have  a  standard  system  of  gearing,  so 
that  any  gear  of  a  given  pitch  will  rim  with  any  other  gear  of  the 
same  pitch. 

4  I  would  therefore  propose,  as  the  author  suggests,  that  this  sub- 
ject be  referred  to  a  Committee  of  the  Society  to  investigate  and  to 
report  upon  the  adoption  of  a  standard  system  of  involute  gearing. 
The  paper  considers  gears  from  a  12-tooth  pinion  to  a  rack  only,  and 
that  is  as  far  as  I  would  go  with  such  a  system.  If  internal  gears  are 
employed,  they  would  necessarily  have  to  be  more  or  less  special.  I 
think  Mr.  Flanders  has  covered  the  subject  in  a  very  clear  and  concise 
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way.  He  has  done  a  great  deal  towards  the  solution  of  the  question 
by  properly  stating  it,  and  when  an3rthing  is  properly  stated,  it  is  half 
solved.  I  therefore  make  this  a  motion.  (The  motion  was  con- 
sidered later  in  the  discussion. — Editor.) 

Mr.  Luther  D.  Burlingame  I  can  easily  believe  that  my 
friend,  the  author  of  this  paper,  found  the  solution  of  the  interchange- 
able gear  tooth  problem  a  task  far  greater  than  he  had  anticipated. 
While  many  writers  appear  to  reach  some  rather  definite  conclu- 
sions, I  believe  that  the  usual  experience  of  investigators  along  these 
lines  has  been  voiced  by  Mr.  Fred  J.  Miller  in  the  American  Machinist, 
"  I  think  that  it  is  the  experience  of  most  men  that  the  more  they 
have  studied  on  the  matter  of  tooth-gearing,  the  more  clearly  it  has 
appeared  to  them  that  they  would  never  be  able  to  believe  anything 
in  regard  to  it."  I  take  this  opportunity  to  express  my  appreciation 
of  the  able  and  fair-minded  way  in  which  Mr.  Flanders  has  dealt 
with  so  difficult  a  subject,  and  one  that  can  be  viewed  from  so 
many  points. 

2  Mr.  Flanders  bases  his  data  for  the  H^-deg.  pressure-angle 
entirely  on  a  form  of  tooth  which  is  a  true  involute  for  its  entire 
length.  As  such  a  tooth  is  not  made  or  recommended  by  any  manu- 
facturers, as  far  as  I  know,  and  as  what  is  made  would  give  a  radically 
different  showing  in  the  comparative  tables  of  the  paper,  this  seems 
to  be  setting  up  a  "straw  man"  to  knock  over,  rather  than  "tack- 
ling" the  real  thing.  It  can  be  said  in  extenuation  that  the  author 
used  the  data  at  hand;  that  the  data  in  commercial  use  were  not 
available  is  not  surprising,  as  they  have  been  derived  by  manufac- 
turers through  years  of  experience  and  at  great  expense;  further- 
more, the  giving  out  of  such  data,  even  were  it  good  policy,  most 
probably  would  never  result  in  the  production  of  good  gears,  much 
less  of  interchangeable  gears.  The  experience  of  the  company  with 
which  T  am  connected  is  that  the  old  sa}dng,  "a  little  knowledge 
is  a  dangerous  thing,"  is  most  applicable  to  the  science  and  practice  of 
gearing. 

3  In  illustrating  the  difference  between  the  theoretical  and  the 
commercial  tooth  of  14i-deg.  pressure-angle,  reference  is  made  to 
Par.  7,  10  to  19  inclusive,  33,  37,  and  38,  and  to  Fig.  5,  8,  12,  13, 
and  14,  as  well  as  to  the  table  accompanying  Par.  45,  Comparison 
of  Selected  Examples  of  Involute  Gear  Tooth  Systems.  These  deal 
to  a  greater  or  lesser  extent  with  the  question  of  length  of  contact 
of  the  engaging  teeth  and  with  the  question  of  the  number  of  teeth  in 
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continuous  action.  To  show  the  radical  difference  between  the  results 
obtained  in  the  paper  and  based  on  the  use  of  the  uncorrected  involute 
form  of  tooth  with  14J-deg.  pressure-angle,  and  the  results  actually 
obtained  with  cutters  made  by  the  Brown  and  Sharpe  Mfg.  Co.,  I 
would  refer  to  Fig.  1  to  3.  As  a  matter  of  fact  there  are  two  teeth 
driving  for  half  of  the  time,  or  on  a  basis  of  Mr.  Flanders'  table 
referred  to  above,  1.5  teeth  in  continuous  action.  As  his  table  gives 
0.98  of  a  tooth  in  continuous  action,  the  real  Brown  and  Sharpe  tooth 


Fig.  1 
twelve'tooth  pinions  b.  &  s. 


Fig.  2 
Interchangeable  14i-DEG.  System 


shows  a  gain  of  more  than  50  per  cent  above  the  results  tabulated 
as  the  Brown  and  Sharpe  standard.  If  all  of  the  statements  in 
paragraphs  and  figures  above  referred  to  should  be  modified  to  this 
extent,  they  would  give  a  real  comparison  instead  of  a  hypothetical 
one.  Thus  referring  to  Fig.  14,  Case  1,  the  diagram  would  be 
radically  modified  for  the  Brown  and  Sharpe  S3n3tem  where  at  least 
two  teeth  are  driving  for  half  of  the  time,  the  commercial  tooth 
approaching  nearer  to  what  is  shown  in  Case  5  of  this  same  figpre. 
4    The  teeth  of  the  gears  cut  with  Brown  and  Sharpe  cutters  are 
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slightly  eased  off  at  their  points  so  as  to  come  gradually  into  cng^e- 
ment,  thus  insuring  smooth  and  quiet  running.  Experience  has 
shown  that  such  a  modification  is  not  only  important  but  essential, 
and  in  any  system,  no  matter  what  the  pressing  angle  and  height  of 
addendum,  I  believe  the  teeth  should  be  so  modified.  When  such  a 
modification  is  made  it  becomes  a  mere  academic  contention  whether 
the  corrected  part  is  modified  from  a  true  involute  or  something  else. 


Fig.  3 
Brown  and  Sharps  Interchanqe- 
ABLB  14i-DE0.  System 


Fig.  4 
Pressure  Angle  20  deg. 
0.7 
P 


8 


I  understand  there  are  methods  covered  by  patents  for  accomplishing 
a  rounding  and  easing  off  of  the  points  of  the  teeth  when  they  are 
formed  by  the  generating  process.^ 

5  The  impression  is  given  by  the  author  that  there  are  diflSculties 
in  the  way  of  using  the  generating  process  which  limit  it  and  that  the 
devising  of  a  new  system  of  gearing  will  make  its  use  more  satisfac- 
tory.   This  seems  like  a  case  where,  as  the  mountain  will  not  come 

^Biigram  Patents,  No.  749  606  and  No.  749683 
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to  Mohammed,  Mohammed  must  go  to  the  mountain.  To  consider 
the  adoption  of  one  system  for  gqars  made  by  the  generating  process 
and  another  for  those  made  by  the  use  of  formed  cutters,  would  be 
like  adopting  the  metric  sytem  for  calculations  and  the  English  S3rs- 
tem  for  the  use  of  the  workman,  considering  each  as  adapted  respect- 
tively  to  these  particular  uses. 

6  In  the  Brown  and  Sharpe  practice,  to  meet  their  own  needs 
and  those  of  their  customers,  cutters  and  gears  are  made  with  pressure 
angles  varying  from  4  to  28  deg.,  and  with  a  height  of  tooth  ranging 
in  both  directions  far  outside  of  the  limits  discussed  in  Mr.  Flanders' 
paper.  It  is  an  everyday  matter  to  produce  gears  and  cutters  with 
such  variations,  and  they  can  be  made  with  at  least  equal  facility,  as 
compared  with  standard  shapes,  by  the  use  of  formed  cutters.  Such 
cutters,  as  made  by  Brown  and  Sharpe  for  20  and  22i-deg.  pressure- 
angle,  are  for  each  angle  interchangeable. 

7  Mr.  Flanders  has  given  little  consideration  to  the  question  of 
backlash,  in  fact  has  not  mentioned  it  in  Par.  45,  where  he  sums  up 
the  objections  to  using  a  greater  pressure-angle  and  less  addendum. 
In  many  classes  of  work  this  becomes  an  important  consideration  and 
any  system  tending  to  increase  backlash  is  objectionable.  It  is  a 
common  practice  in  making  special  gears  for  printing  presses  and 
other  places  where  backlash  must  be  reduced  to  a  minimum,  especi- 
ally where  the  center  distance  of  the  gears  must  vary  appreciably,  to 
make  the  pressure-angle  as  low  as  4  deg.  and  to  increase  the  adden- 
dum to  a  greater  length  than  standard.  In  any  case,  the  greater  the 
pressure-angle  the  more  backlash  there  will  be  with  a  given  inaccur- 
acy in  center  distance,  a  given  variation  in  setting  the  cutter  or  tool 
when  producing  the  gear,  or  a  given  amount  of  wear  on  the  teeth. 

8  There  are  indeed  special  cases  where  a  greater  pressure  angle 
than  14^  deg.  is  sufficiently  desirable  for.  various  reasons  to  oflF-set 
the  objections  made.  The  Brown  and  Sharpe  Company  use  on  their 
riaachines  gears  with  a  greater  pressure-angle,  when  the  conditions 
make  it  seem  desirable,  and  they  make  such  gears  and  cutters  for 
customers  whenever  called  for.  These,  however,  are  invariably  made 
with  a  correction  for  smooth  and  quiet  running,  even  when  the  pres- 
sure angle  and  height  of  tooth  are  such  that  theoretically  this  woidd 
not  be  required. 

9  The  Reinecker  generating  machine  has  provision  for  easing  off  the 
points  of  the  gears  to  prevent  noise. 

10  Frank  Burgess  of  the  Boston  Gear  Works  says^  regarding  the 
height  of  tooth,  "  A  long  tooth  usually  gives  a  better  movement  than 

'  Amerioao  Machinist,  June  27,  1007,  p.  935. 
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a  short  stubby  one.  With  the  shorter  tooth,  the  pitch  is  propor- 
tionately greater  for  its  depth  and  there  is  a  tendency  to  jump  from 
one  to  the  other,  especially  for  a  pinion  with  less  than  20  teeth,  and 
this  tendency  results  in  noise.  The  noise  in  gearing  is  undoubtedly 
the  result  of  shocks,  jumps  and  vibration  caused  by  teeth  coining  into 
and  going  out  of  action." 

10  While  the  use  of  shorter  teeth  or  a  finer  pitch  would  theoreti- 
cally make  some  saving  in  time  of  cutting,  we  do  not  find  such  a  sav- 
ing appreciable. 

11  I  would  ask  the  author  why  the  possibilities  of  inaccuracy 
mentioned  in  Par.  30  as  applying  to  the  use  of  formed  cutters  are  not 
also  present  in  the  generating  method,  instead  of  being  limited  as 
stated  in  Par.  31.  It  would  seem  to  me  that  most  of  these  possibili- 
ties of  inaccuracy  would  be  equally  present  in  both  systems. 

12  With  all  our  experience  at  the  Brown  and  Sharpe  works,  our 
experts  feel  that  the  subject  of  gearing  is  full  of  pitfalls,  and  the 
more  experience  we  have,  the  less  we  feel  like  dogmatizing  or  appear- 
ing as  authorities.  While  all  theories  should  be  examined  with  an 
open  mind,  I  believe  that  a  spirit  of  conservatism  should  govern  their 
investigation  until  they  are  proved  by  practical  experience  to  be 
correct. 

13  I  do  not  understand  that  the  author  suggests  an  abandonment 
of  the  present  system,  but  states  rather  that  the  "  discussion  points 
clearly  to  the  wisdom  of  an  alternative  gear  tooth  standard  of  shorter 
addendum  and  increased  pressure  angle."  The  fact  is  that  modified 
forms  of  teeth,  of  a  sort  approved  by  the  author  and  many  other 
forms  also,  are  now  used  in  special  cases  where  they  prove  to  be  better. 
Every  manufacturer  of  gear-cutters  knows  this  to  be  true,  though  at 
the  present  time,  with  the  large  demand  for  gears  in  automobile 
construction,  there  may  be  an  emphasis  upon  a  tooth  of  a  certain  form. 
What  this  emphasis  will  be  in  future  years  is  uncertain.  As  likely 
as  not  another  pressiu-e-angle  and  another  form  of  tooth  may  be 
insisted  upon.  Is  it  not  better  to  leave  these  matters  to  the  manu- 
facturers of  gear-cutters  and  gear-cutting  machines  who  are  willing 
to  give  the  public  what  they  want  rather  than  attempt  to  formulate 
a  system  which  the  experience  of  the  next  few  years  may  possibly 
render  of  little  value? 

Mr.  D.  F.  NisBEi*  I  agree  fully  with  the  author's  conclusion  that 
an  alternative  standard  of  involute  teeth  for  heavy,  slow-speed  gearing 

» D.  F.  Niebet,  Engineer,  Pittsbui^g,  Pa, 
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is  desirable;  particularly  so  for  such  gearing  as  rolliDg-mill  pinions, 
where,  owing  to  the  limited  diameter  and  trcfmendous  shocks,  it  is 
necessary  to  use  few  teeth  of  large  pitch,  and  obtfdn  a  comparatively 
smooth  action  by  making  the  gears  either  double  helical  or  of  the 
staggered  tooth  type. 

2  Smoothness  of  action,  as  understood  and  defined  by  builders  of 
the  finer  classes  of  machinery,  is  not  essential  for  rolling-mill  work; 
perhaps  continuity  of  action  would  better  express  the  desideratum  for 
this  class  of  work.  All  that  is  necessary  is  a  degree  of  smoothness  of 
action  that  will  not  leave  traces  of  "  harsh  gearing"  on  the  finished 
product.  This  applies  with  particulai*  force  to  plate  mills  and  sheet 
mills,  and  in  a  lesser  degree  to  all  types. 

Mr.  Charles  Wallace  Hunt  It  should  be  borne  in  mind  that 
this  paper  treats  of  a  system  of  interchangeable  gears;  that  is,  all  of 


FiQ.  1    Diagram    Showinq  Long    and    Short    Tbbth    with  the  Pitch 

LiNS   IN  Ck>MMON 

the  pinions  and  gears  of  each  series  having  the  same  addendum. 
This  commercial  requirement  eliminates  the  consideration  of  theo- 
retically perfect  forms  of  conjugating  teeth  for  special  conditions  and 
confines  the  discussion  to  what  Mr.  Wilfred  liewis  designates  as  the 
*'  best  compromise  between  conflicting  conditions." 

2  Perfectly  formed  teeth  are  seldom  made  and  cannot  long  be 
maintained  owing  to  wear  of  the  tooth  faces.  The  chief  disturbing 
factors  are  the  shop  errors  in  the  pitch  diameters  of  the  gears  and 
in  the  shaft  center  distances.  Such  construction  errors  are  unavoid- 
able and  so  must  be  tolerated.  Some  factors  partially  offset  each 
other,  such  as  the  tension  caused  by  the  friction  of  the  sliding  sur- 
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faces  of  the  tooth  after  passing  the  center,  which  weakens  the  tooth. 
The  fillet  at  the  root  of  the  tooth  strengthens  it.  Usually  the  favor- 
able and  the  adverse  factors  partially  balance  each  other,  but  the 
working  formulae  must  provide  for  the  unexpected  which,  as  Prof. 
Sweet  reminds  us,  frequently  happens.  After  considering  and  valu- 
ing the  various  factors  that  affect  the  problem,  the  designer  will 
decide  on  proportions  that,  in  his  judgment,  will  give  the  best  general 
result  in  practice. 
3    In  the  gear  work  of  the  C.  W.  Hunt  Company  it  is  assumed  that 

The  angle  of  action  is  14^  deg. 

The  whole  load  is  carried  on  one  tooth. 

A  pinion  with  less  than  19  teeth  should  not  willingly  be  used. 

If  the  pinion  is  strong  enough  its  conjugating  wheel  is  also. 

A  table  is  quicker  and  safer  to  use  than  a  formula. 

A  table  based  on  fibre  stress  is  preferable  to  one  based  on  the 
names  of  materials. 


FiQ.  2    DiAQRAM    Showing    a    Short   Tooth    Superimposed    on    a  Long 
Tooth  with  the  Root-lines  in  Common 

4  The  total  length  of  teeth  frequently  referred  to,  expressed  as 
a  percentage  of  the  circular  pitch,  is 

Rankine 0 .  75 

Sir  Wm.  Fairbaira 0.70 

Brown  and  Sharpe 0.687 

Molesworth 0.66 

Coleman  Sellers ' 0.65 

Hunt 0.55 

5  After  ten  years'  use  in  a  wide  range  of  machinery,  I  believe  that 
for  commercial  machinery  the  following  proportions  for  cut  teeth  are 
especially  suitable  ones.  If  they  are  not  ideal  proportions  the  differ- 
ence is  slight.  The  face  of  the  tooth  is  involute  in  form,  the  angle 
of  action  is  14^  deg.,  and  the  length  of  the  tooth  is  0.65  of  the  circular 
pitch. 
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HUNT  TOOTH  FORMULA 

Addendum 0 .25  of  the  circular  pitch. 

Dedendum 0.25   «     «      «     *     « 

Qearance 0.05   -     «       « 

Length  of  tooth 0.65"     «       «  « 

TABLE  1     WORKING  LOADS 
Spur  Gbabb.  onb  Inch  Facb 


Diametral  pitch 1     t     li       li       2         2i  |     3 


Ciroularpitch 3.14   2.51   2.1 

Pounds  on  the  pitchj  ' 

line 2250   1800   1500 


1.57 


1100 


1.25 


000 


6    Table  1  gives  the  working  strength  of  a  spur  tooth,  having 
parallel  flanks.    The  tabular  load  applied  on  the  pitch  line  produces 


FiQ.  3    Perspective  View  of  the  Cutter 

a  fibre  stress  at  the  root  of  the  tooth  of  5000  lb.  per  square  inch.  If 
applied  at  the  pitch  line  plus  one-half  of  the  addendum  then  the 
fibre  stress  will  be  7100  lb.;  if  at  the  extreme  end  of  the  tooth  9200 
lb.  per  square  inch. 

7    For  a  safety  factor  of  3^  when  the  load  is  applied  at  the  end  of 
the  tooth: 
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Cast  iron  (16  000  lb.  ultimate  strength),  use  a  working  load  of 
one-half  the  tabular  number. 
Steel  (64  000  lb.  ultimate  strength),  use  twice  the  tabular  number. 

GEAR  CUTTERS 

8  The  initial  stresses  in  the  casting  frequently  cause  a  distortion 
when  the  gear  is  finished.  A  spoked  gear-wheel  blank  may  be  turned 
perfectly  round  in  a  lathe,  but  after  the  stocking  cutter  has  been 
used  the  points  of  the  teeth  are  seldom  in  a  true  circle.  The  rim 
between  the  spokes  either  bulges  out,  or  falls  in,  depending  on  the 
initial  stress  in  the  metal.  This  is  frequently  a  material  amount 
and  is  objectionable  as  it  alters  the  pitch  line  and  the  tooth  spacing, 
and  also  injuriously  afifects  the  clearance. 

9  It  has  been  found  advantageous  to  have  tooth  cutters  (Fig. 
4)  with  a  wing  on  each  side  which  will  trim  the  length  of  the  teeth 
to  the  standard  size.  With  these  cutters  a  gear  made  of  metal 
without  a  hard  scale  can  be  cut  without  sizing  the  blanks  in  a  lathe. 

10  Cutters  for  teeth  proportioned  by  the  above  formulae  are 
made  for  any  one  desiring  them,  by  Brown  and  Sharpe,  Gould  and 
Eberhardt,  or  any  other  gear-cutter  maker. 

Mr.  Oberlin  Smith  The  suggestion  has  been  made  that  a  commit- 
tee be  appointed  to  standardize  gear  teeth,  with  the  assumption  that 
there  would  be  one  standard.  Another  has  said  that  it  is  best  to 
leave  it  to  the  makers,  as  they  know  the  needs  of  their  customers; 
the  result  of  this  would  be  forty,  or  fifty  or  even  a  hundred  standards, 
na  we  have  now.  It  would  seem  wise  to  standardize  the  teeth,  even 
if  there  have  to  be  several  kinds.  We  need  to  do  this  almost 
as  much  as  we  needed  to  standardize  the  screw  thread.  It  would 
be  useful  to  have  some  standard  which  most  people  would  follow, 
and  undoubtedly  in  this  way  a  standard  practice  could  be  estab- 
lished. The  committee  would  consider  the  different  conditions, 
as  for  instance,  those  met  in  heavy  rolling-mill  work,  and  choose 
different  pressure-angles  adapted  to  each  case. 

2  If  a  committee  is  appointed  to  consider  this  matter,  I  hope 
they  will  take  out  fractions  and  make  the  angle  of  obliquity  15  deg. 
rather  than  14.5  deg.  Suppose  they  found  15  deg.  good  for  a  certain 
class  of  gears,  and  20  deg.  good  for  another  class,  and  25  deg.  good 
for  another  class,  why  could  we  not  have  two  or  three  standards, 
under  certain  names,  so  that  people  could  use  them  to  comply  with 
the  conditions?  • 
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3  If  we  do  have  a  committee  on  gearing,  their  investigations 
should  go  further  than  merely  determining  shape.  It  would  be  well 
to  instruct  them  to  find  out  all  they  can  about  strength  of  gears  as 
well.  The  matter  of  strength  is  very  important,  and  it  is  a  thing 
which  we  do  not  know  very  much  about.  Many  of  us  go  by  the 
Lewis  formula,  by  which,  it  seems  to  me,  the  required  strength 
increases  too  rapidly  with  increase  in  speed.  But  there  are  condi- 
tions of  impact  and  percussion  which  cause  the  teeth  to  vibrate  and 
make  them  break  at  high  speed.  We  do  not  know  what  these  con- 
ditions are,  and  that  is  what  the  committee  should  find  out. 

4  One  thing  desirable,  in  interchangeable  gearing,  is  to  be 
able  to  use  fewer  teeth  in  pinions.  Some  one  said  that  nine  is  the 
lowest  number  desirable.  The  Brown  &  Sharpe  Mfg.  Co.  give 
twelve  as  the  least  practical  number  to  get  a  theoretically  good 
wheel,  and  very  likely  that  is  so.  I  have  used  pinions  with  four, 
for  some  16  or  20  years,  without  perceptible  wear  where  the  pressures 
were  not  great  but  the  speeds  were  very  high,  the  small  pinion  being 
the  driver.  I  have  some  lathes  which  have  five-tooth  pinions  doing 
the  driving;  they  are  still  in  use  and  are  a  perfect  success.  Of  course, 
it  is  probable  that  the  angular  motion  is  somewhat  irregular  with 
such  a  small  pinion. 

5  It  is  often  practicable  to  use  a  pinion  with  from  five  to  ten  teeth, 
as  a  driving  but  not  as  a  driven  gear."?  It  is  well  to  avoid  a  train  of 
several  gears  by  using  only  two,  having  the  pinion  as  small  and  gear 
as  large  as  possible.  It  is  often  good  practice  to  cut  such  a  pinion 
in  the  solid  shaft.  We  are  building  some  heavy  presses,  of  1000  tons 
capacity,  where  the  pinions  are  more  than  a  foot  in  diameter,  forged 
integral  with  the  shaft,  one  at  each  end.  A  common  practice  in 
rolling-mills  is  to  use  two  helical  pinions  separately  keyed  on,  with 
pitch  reversed  to  avoid  end-thrust  and  ends  abutting.  I  recently 
built  a  mill  for  a  foreign  government,  with  two  16-tooth  pinions 
forged  solid  with  their  shafts,  where  two  projecting  collars  served  as 
blanks  for  the  pinions,  and  by  the  simple  expedient  of  separating 
them,  left  room  for  a  Brown  &  Sharpe  cutter  to  run  through,  into 
the  space  between. 

Prof.  W.  Rautenstrauch  It  seems  as  if  there  were  sufficient 
interest  in  the  principles  of  machine  manufacture  to  justify  the  forma- 
tion of  a  section  to  consider  papers  of  this  kind  and  draw  fire  along  this 
line.  I  have  had  the  matter  in  mind  for  some  time,  and  have  talked  with 
other  members,  and  theiJea  seems  to  meet  with  approval.  I  therefore 
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propose  that  we  meet  this  afternoon  to  consider  the  formation  of 
such  a  section,  and  draw  up  a  letter  petitioning  the  council  to  form 
such  a  section  immediately.  (The  meeting  was  held  and  a  com- 
mittee appointed  to  formulate  plans  for  a  machine  shop  section  to 
be  submitted  to  the  council  and  reported  at  an  adjourned  meeting 
at  the  time  of  the  spring  meeting  of  the  Society. — Editor.) 

Mb.  Charles  H.  Logue*  After  reading  Mr.  Flanders'  paper,  it 
would  be  useless  for  me  to  enter  a  discussion  as  to  the  need  of  a 
universally  accepted  standard  for  gear  teeth,  especially  for  large 
gears.  It  is  now  common  practice  for  all  users  and  makers  of  large 
gears,  to  correct  the  teeth  for  interference,  either  by  shortening  the 
addendum  or  increasing  the  angle  of  obliquity  as  compared  with 
the  14J  deg.  system,  or  both.  This  procedure,  of  course,  entails 
additional  expense  in  manufacture,  as  special  cutters  and  formers 
must  be  made  for  each  gear.  Again,  each  manufacturer,  and  in 
many  cases  the  individud  user,  has  his  own  ideas  as  to  how  this 
correction  for  interference  should  be  made,  and  also  as  to  the  amount. 

2  I  wish  to  express  my  approval  of  the  purpose  of  Mr.  Flanders' 
paper,  namely:  the  appointment  of  a  special  committee  of  the 
Society  to  recommend  an  interchangeable  gear-tooth  standard, 
and  also  of  the  action  at  the  last  meeting  of  the  Society  whereby  a 
recommendation  was  made  to  the  Council  that  such  a  committee  be 
•iqpointed.  The  present  situation  is  little  short  of  chaotic,  and  the 
present  "so-called"  standard  was  most  aptly  characterized  by  Mr. 
Wilfred  Lewis  as  "  no  standard  at  all. "  The  work  before  this  com- 
mittee is  moimtainous,  for  this  problem  is  probably  more  complex 
than  any  other  individual  problem  in  machine  design  and  construc- 
tion that  could  be  presented.  The  diflSculty  of  the  problem  is  also 
a  measure  of  the  benefit  that  will  come  to  the  machine-building 
industry  if  a  standard  is  recommended  and  brought  into  general  use. 

3  It  is  apparent  that  there  will  be  a  great  saving  in  the  adoption 
of  a  rational,  universal  system,  as  well  as  an  improvement  in  tooth- 
action,  the  extent  of  which  is  entirely  unappreciated  by  gear  users. 
Only  a  comparatively  small  part  of  the  gear-tooth  surface  is  in  actual 
use,  and  the  rest  of  this  surface  is  a  detriment  rather  than  a  help  to 
the  tooth-action.  In  addition  to  this  detriment,  the  correction  as 
sometimes  made  produces  surfaces  that  give  an  irregular  impulse, 
or  series  of  impulses,  to  the  driven  gear  by  the  driver.  Thus  the 
teeth  of  the  driven  gear  have  instantaneous  accelerations  and  retarda- 

» Charfw  H.  Logue,  with  R.  D.  Nuttall  Co.,  Pittsburg,  Pa. 
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tions  and  lack  a  regular  motion.  This,  of  course,  tends  to  destroy 
the  gears  rapidly.  I  believe  that  this  condition  prevails  to  a  greater 
or  less  extent,  in  all  involute  gears  as  ordinarily  made. 

PBOPOSED  SHORT  TOOTH  STANDARD 

4  In  order  to  set  before  the  Society  information  as  to  existing 
gear-tooth  systems,  I  propose  to  describe  a  short-toothed,  20-deg. 
standard  that  I  began  to  use  some  three  years  ago.  Since  that  time 
I  have  advocated  this  system  for  all  gears  heavier  than  one-diame- 
tral pitch,  and  in  many  cases  for  gears  of  finer  pitches.  I  now  see 
no  reason  why  this  system  is  not  universally  adaptable.  It  follows 
closely  the  Fellows  sjrstem  as  worked  out  for  fine  pitches,  except  that 
the  addendum  bears  a  definite  relation  to  the  circular  pitch.  This 
relation  is  expressed  by  the  equation. 

Addendum  «  0.25  circular  pitch 

5  This  quantity  was  derived  from  experience  and  from  a  study 
of  the  tooth  parts  of  the  Fellows  system.  In  the  Fellows  system 
the  addendum  varies  from  0.264  of  the  circular  pitch  to  0.226  of  the 
circular  pitch.  These  factors  for  the  common  combination  pitches 
are  shown  in  the  following  tabulation: 

For  2/2i  pitch,  addendum  -"0 .255  of  circular  pitch. 
"  2i/3    "  "  0.264 


"    3/  4    « 

« 

0.240 

«    4/  5    - 

a 

0.255 

-    5/  7    " 

u 

0.228 

«    7/  9    « 

u 

0.247 

-  9/10   " 

a 

0.254 

"10/12    « 

u 

0.264 

"12/14    " 

u 

0.226 

"14/18    « 

u 

0.250 

6  The  factor  0.26  is,  therefore,  a  rough  mean  of  the  factors  shown 
in  the  table,  and  is  also  a  convenient  quantity  to  use  in  computing 
gear-tooth  parts.  This  latter  advantage  is  especially  true  as  the 
thickness  of  the  teeth  at  the  pitch-line,  added  to  the  pitch  diameter, 
gives  the  outside  diameter,  and  this  relationship  is  of  convenience 
when  measuiing  gears  in  which  the  pitch-diameter  and  pitch  are 
unknown.  In  many  cases  the  only  dimensions  received  by  the  gear 
manufacturer  are  the  outside  diameter  and  number  of  teeth.  While 
this  feature  should  not  be  an  influence  in  determining  the  length  of 
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addendum  to  be  used,  it  is  a  convenient  point  to  keep  in  mind.     For 
diametral-pitch  the  addendum  is  foimd  by  dividing  0.7854  by  the 

pitch.    This  is  a  well-known  factor;  is  equal  to— ;  is  in  geneial  use 

4 

in  many  engineering  formules,  and  is  easily  memorized. 

7  The  tooth  parts  for  circular  pitch  are: 

Addendum        0 .  25  X  cir.  pitch,  instead  of  0 .  3183 
Dedundum        0.30   «     «      «        «  0.3683 

Working  depth  0.60   -     «      «        «  0.6366 

Whole  depth     0.56   -    «      «        «  0.6866 

Clearanoe  0.06   "    "      "     sameasnowused 

8  The  tooth  parts  of  diametral  pitch  are: 
0.7854.         ,   ,      1 


Addendum 
Dedundum 

P 
0.9424 
P 

instead  of 

P 
1.67 

"  P 

1.6708 

n 

2 

Woridngdeptl 

^      P 

P 

Whole  depth 

1.7278 
P 

i» 

2.157 
P 

ClearAnfie 

0.167 

same  as  now  used. 

9  In  addition  to  the  length  of  the  addendum  the  other  impor- 
tant element  of  the  gear-tooth,  to  be  determined,  is  the  obliquity. 
While  the  increase  in  journal-friction  with  the  pressure-angle  is  not 
as  great  as  is  generally  supposed,  yet  this  angle  should  be  kept  as 
small  as  is  consistent  for  the  purpose  intended;  that  is,  to  obtain  an 
interchangeable  involute  system  without  correcting  the  tooth-out- 
lines. In  the  system  which  I  am  describing  20  deg.  is  the  angle 
of  obliquity.  Thus  the  two  essential  elements  of  the  system  are, 
the  addendum  equal  to  0.25  of  the  circular  pitch  and  the  pressure- 
angle  of  20  deg.  These  correspond  very  closely  with  Case  4,  as  set 
forth  in  Par.  44  and  45  of  Mr.  Flanders'  paper.  He  characterizes  Case 
4  as  a  system  having  an  angle  of  obliquity  of  20  deg.  and  an  adden- 

0  8 
dum  height  equal  to  -*   .    For  circular  pitch  the  addendum  would 

equal  0.8  or  0.2513  of  the  circular  pitch.    That  is.  Case  4  is  essentially 
the  system  which  I  am  describing. 
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10  Referring  to  Par.  45  of  Mr.  Flanders'  paper,  from  his  tabula- 
tion captioned,  Comparison  of  Selected  Examples  of  Involute  Gear 
Tooth  Systems,  I  have  transcribed  the  factors: 

Smallest  pinion  in  series,  to  avoid  interference 14 

Maximum  number  of  teeth  without  correction  for  interference  with 

12-tooth  gear 36 

f  1  38 
Maximum  and  minimum  number  of  teeth  in  continuous  contact < 

Proportion  of  side  pressure  on  bearing  to  tangential  pressure 1 .064 

Str^igth-factor  of  rack 0.643 

Strength-factor  of  12-tooth  gear 0.354 

Comparative  loss  of  work  from  friction 552 

Comparative  durability 1 .44 

11  He  states  that  the  smallest  pinion  in  the  series  that  can  be 
used  and  avoid  interference  is  one  with  14  teeth.  The  lowest  theo- 
retical number  of  teeth  for  such  a  pinion  engaging  a  rack  is  13.4. 
I  believe,  however,  that  13  teeth  can  be  used  without  correction  as 
the  error  is  less  than  J  a  tooth,  therefore  in  order  to  use  a  12- 
toothed  pinion,  which  is  today  considered  a  desideratum,  the  only 
correction  necessary  is  for  this  pinion  alone.  In  some  practice, 
street  railway  use  in  particular,  14  is  the  smallest  number  of  teeth 
which  is  ever  used;  12  and  13  are  always  avoided. 

12  In  order  to  use  an  uncorrected  12-tooth  pinion  in  this  instance, 
without  changing  the  addendum,  it  would  be  necessary  to  increase 
the  angle  according  to  Mr.  Flanders'  formula,  to  21  deg.  13  min. 
If  it  is  necessary  to  include  the  12-tooth  pinion  in  the  interchange- 
able system,  I  would  prefer  to  see  the  angle  increased  for  the  reason 
which  I  have  indicated  above.  However,  I  would  strongly  recom- 
mend for  consideration  an  angle  of  20  deg.  and  the  addendum  as 
given,  and  thus  consider  a  12  and  perhaps  a  13-toothed  pinion  as 
special.  These  would  then  be  in  the  same  situation  as  are  10  and 
11-toothed  pinions  today. 

13  It  will  be  argued  that  the  short-tooth  standard  permits  of  a 
smaller  number  of  teeth  in  contact.  While  this  may  be  true,  in  some 
cases,  the  superiority  of  this  contact  has  been  demonstrated  by  Mr. 
Flanders.  However,  it  should  be  noted  that,  owing  to  the  increased 
strength  of  the  tooth  that  has  been  shortened,  and  has  a  wider  angle 
of  obliquity,  the  pitch  may  be  reduced  accordingly  to  give  the 
same  number  of  teeth,  or  more,  in  contact,  as  are  in  contact  in  similar 
gears  having  the  usual  length  of  addendum  and  a  pressure  angle  of 
14^  deg. 
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14  As  a  matter  of  interest  it  must  be  pointed  out  that  this  83r8tem 
is  now  in  use  for  the  gears  of  the  subway  trains  in  New  York,  and 
to  the  best  of  my  knowledge  it  is  superior  in  service  to  the  standard- 
toothed  gears  that  have  been  discarded.  The  special  20-deg.  involute 
stub-tooth  system  described  by  Mr.  Litchfield  in  his  paper  on  Spur- 
Gearing  on  Heavy  Railway  Motor  Equipment,  is  the  same  as  this 
short-tooth  20-deg.  standard  that  I  have  proposed  for  consideration. 

Mb.  E.  R.  Fellows  The  conclusions  arrived  at  by  the  author,  as 
given  in  table  accompan3dng  Par.  45,  do  not  entirely  coincide  with  the 
writer's  experience.  The  reason  is  that  the  form  of  14^eg.  tooth 
considered  is  virtually  a  short  tooth  of  this  angle,  and  has  theoretic- 
ally, in  these  deductions,  some  of  the  advantages  of  the  stub-tooth. 
The  forms  selected  by  the  author  for  the  standard  or  14f-deg.  tooth 
are  those  which  he  infers  are  produced  by  a  set  of  formed  milling- 
cutters  designed  to  cut  an  interchangeable  set  of  gears.  As,  however, 
the  exact  form  of  these  cutters  is  more  or  less  of  a  trade  secret,  he  has 
evidently  been  obliged  to  make  his  own  deductions  upon  some  points, 
such  as  the  exact  modification  for  interference  and  the  angle  of  the 
flank  below  the  base  line.  A  little  variation  in  these  points  makes  a 
considerable  difference  in  theoretical  efficiency. 

2  The  stub-tooth  so-called,  which  is  a  short  tooth  of  20-deg.,  being 
very  little  modified  for  interference,  conforms  very  closely  to  the 
theoretical.  The  standard  forms  selected  give  n,  the  number  of  teeth 
in  contact,  as  0.98.  It  has  been  the  general  experience  that  gears 
having  a  line  of  action  as  short  as  this  do  not  run  satisfactorily;  they 
are  ndsy.  And  this  is  the  test  by  which  gearing  is  approved  or  con- 
demned; a  difference  of  one  or  two  per  cent  in  efficiency  being  of  no 
importance  whatever.  An  examination  of  any  satisfactory  set  of 
gearing  of  standard  form  will  show  that  most  of  the  gears  bear  nearly 
if  not  quite  to  the  point.  This  means  that  the  value  of  n  is  ordinarily 
1.5  to  1.75,  and  while  the  numing  qualities  are  satisfactory  the 
efficiency  is  lower  than  if  the  value  of  n  were  0.98. 

3  This  being  the  case,  it  is  safe  to  assume  either  that  the  form  of 
standard  cutters  ordinarily  used  is  not  the  one  discussed  by  the 
author,  or  that  gearing,  after  running  a  short  time,  changes  from  wear 
sufficiently  to  give  a  longer  line  of  action.  The  author  evidently  had 
this  condition  in  mind,  as  his  formula  for  strength  assumes  that  the 
stress  is  applied  at  the  extreme  point  of  the  teeth,  notwithstanding  the 
fact  that  according  to  his  first  deductions,  this  would  be  impossible. 
We  will  consider  the  changes  necessary  to  give  to  n  the  value  of 
general  practice. 
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4  In  the  case  of  two  12-tooth  pinions  shown  in  Fig.  2  and  3,  the 
author  assumes  that  interference  begins  as  soon  as  the  theoretical  action 
ends.  This  is  not  the  case.  The  path  traced  by  the  point  D,  Fig.  3, 
beyond  the  so-called  interference  point,  is  an  epitrochoid,  which  so 
nearly  conforms  to  the  theoretical  involute,  that  if  the  flank  of  the 
tooth  below  the  base  line  be  undercut  2^  deg.,  D  will  rub  the  entire 
distance  ab  of  the  point  of  the  meeting  tooth.  The  radial  flank 
causes  what  little  interference  there  may  be. 

5  The  design  of  cutters  for  an  interchangeable  set  is  a  matter  of 
compromise.  Strength  demands  as  broad  a  flank  as  is  possible  for 
the  pinion;  eflBciency  demands  a  short  line  of  action;  quiet  running 
requires  a  longer  one.  The  latter  being  the  point  by  which  the  user 
tests  his  gears,  it  is  safe  to  say  that  it  receives  the  most  consideration. 
A  little  compromise  would  obviate  even  the  undercutting  of  the  flank. 

6  Theoretically,  in  the  interchangeable  set  two  pinions  of  12  teeth 
should  mesh  together.  Practice  does  not  demand  this,  such  a  case 
being  extremely  rare.  This  combination  would  give  a  very  low 
eflBciency.  If  this  is  imperative,  as  in  the  case  of  spur  gear  differ- 
ential of  the  automobile,  gears  of  greater  angle  are  almost  invariably 
used.  It  is  safe  to  say  that  the  meshing  of  two  15  or  16-tooth  pinions 
would  fulfill  all  practical  requirements,  and  anyone  who  has  rolled 
two  standard  pinions  of  12  teeth  together,  in  the  condition  in  which 
they  leave  the  cutter,  will  decide  that  in  practice  all  gears  are  not 
absolutely  interchangeable. 

7  The  writer's  experience  has  been  largely  with  generated  gears, 
but  from  this  experience,  he  would  say,  that  the  best  practice  in  gear- 
ing of  the  standard  form  demands  a  length  of  action  giving  about  n  » 
1.6,  and  that  this  requirement  is  met.  This  value  of  n  would  materi- 
ally change  most  of  the  diagrams  given,  particularly  Fig.  12,  com- 
paring the  lost  work,  and  Fig.  13,  comparing  durability.  If  the 
modification  for  interference  of  the  standard  12-tooth  pinion,  instead 
of  being  0.4  of  the  addendum,  be  0.0,  and  if  this  modification  up  to 
about  30  teeth  be  a  very  immaterial  amount,  the  friction  or  lost  work 
of  the  average  train  of  gears  will  be  considerably  more  than  that  given 
by  the  author. 

8  In  this  connection  the  term  "corrected  for  interference,"  used 
by  the  author  and  by  other  authorities  on  gearing,  is  open  to  criticism. 
As  the  involute  curve  is  theoretically  correct,  and  after  "correction" 
is  only  correct  in  the  sense  that  it  will  mesh  with  another  form  which 
is  not  in  itself  theoretically  correct,  the  term  "modified"  more  nearly 
describes  the  case. 
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9  The  writer  would  emphasize  the  statement  in  Par.  37  regarding 
durability.  The  fact  that  wear,  in  the  case  of  the  stub-tooth,  is  dis- 
tributed over  a  much  greater  surface,  is  a  strong  point  in  its  favor. 
This  is  more  marked  in  the  case  of  the  pinion,  where  most  of  the  wear 
usually  takes  place.  The  result  is,  that  the  form  of  the  womn^ut 
stub-tooth  is  practically  that  of  an  involute  curve, 

10  The  "handicap"  of  **  one  form  of  generating  process"  is  not  as 
serious  as  might  be  inferred  from  Par*  39.  As  the  modification  for 
interference  is  very  simply  taken  care  of  by  the  design  of  the  cutter,  it 
is  possible  to  vary  this  modification  automatically,  and  to  give  the 
teeth  of^each  diameter  of  gear  just  the  required  amount  and  no  more. 


\      \ r — 1 ~ — r: — I.     ^ 

ous  action  for  the  two  cases.  Naturally  the  one  h 
number  of  teeth  in  continuous  action  will  stand  moi 
one  which  has  less.  This  point  could  be  calculated, 
BO  devioos  that  it  did  not  seem  worth  while  to  spem 
21  With  increase  of  the  pressure  angle  there  is  i 
side  pressure  on  the  journals.  Since  the  side  pressi 
is  the  resultant  of  the  tangential  pressure  between 
at  the  pitch  Une,  and  the  radial  outward  thrust  due 
of  the  raeshing  surfaces  at  the  pitch  line,  it  varies 
secant  of  the  angle^  The  curve  shown  in  Fig.  9  is 
curve. 
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DISCUSSION 

Mr,  F.  J.  Cole  The  type  of  locomotive  described  is  singularly 
well  adapted  to  a  wider  range  of  service  than  perhaps  any  other 
desiga.  It  v^aa  originally  intended  for  narrDw«gage  roads  of  light 
construction  built  for  military  purpoees,  following  the  undulations  of 
the  country  without  grading,  necessitating  sharp  curves  and  st«ep 
grades,  in  combination  with  light  rails  and  the  greatest  economy  in 
the  construction  of  track,  bridges,  etc.  The  characteristics  of  this 
design,  namely,  flexibility  and  uniform  distribution  of  weight  coDi- 
bined  with  the  use  of  two  separate  engines  which  would  not  slip  at 
the  same  time,  rendered  the  design  very  attractive  for  these  narrow- 
gage  railroads. 

2  The  first  engine  of  this  class  waa  built  about  the  year  1887  and 
at  the  present  time  there  are  approximately  500  running  in  Europe* 
Some  five  years  ago  the  Mallet  locomotive  was  introduced  in  this 
country  and  its  merits  and  efficiency  have  been  recognjKed  by  railroad 
men  wherever  they  have  been  put  in  service*  The  three  articu- 
lated engines  designed  and  constructed  for  the  Erie  Raih*oad  far 
use  on  the  Susquehanna  grade,  of  the  OSSO  type,  are  the  heaviesi 
and  most  powerful  locomotives  ever  built  and  operated, 

Z  When  we  compare  the  early  locomotives  of  this  type  and  their 
work  on  light  narrow-gage  railroads,  with  those  built  last  year  for 
the  Erie  Railroad,  where  each  engine  took  the  place  of  three  standa^ 
100-ton  consolidations,  we  at  onc€  appreciate  the  great  range  to  wtiicli 
this  general  class  of  articulated  locomotives  is  adapted,  A  locomo- 
tive must  possess  peculiar  inherent  qualities  to  enable  it  to  perform 
BO  satisfactorily  such  a  wide  range  of  service,  from  two-foot  narrow- 
gage  roads  to  main  line  work  on  leading  trunk  lines,  utilizing  the 
extreme  limits  of  axle  loads  and  adhesion* 
4    Some  of  these  distinctive  features  are: 

a    Short  rigid  wheel  base,  ranging  from  about  2  ft  8  in.  to 

14  ft.  3  in. 
b    Rigid  connection  of  high-pressure  steam-pipes  to  the  rear 

engine,  permitting  steam  connections  between  the  boiler 

and  cylinders  in  the  ordinary  way,  without  the  use  of 

flexible  connections, 
c    Flexible  steam  connections  to  the  low-pressure  eylindcni, 

which  are  easily  kept  tight,  as  a  receiver  pressure  of  only 

about  70  lb.  has  to  be  provided  for  and  the  packing  for 

thiB  pressure  is  not  a  difficult  problem. 
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'i  Extreme  fle^bility;  forward  group  of  driving  wheels^ 
operated  by  low-preaflure  cylinders,  swing  freely  when 
passing  curves* 

*  The  articulated  locomotive  is  essentially  a  compound  propo* 
sition  presenting  many  advantages  over  the  use  of  four 
simple  cylinders.  These  engines  cannot  be  designed  as 
simple  engines  and  work  as  satisfactorily  as  the  present 
arrangement  of  compound  cylinders,  because  this  would 
necessitate  the  use  of  high-pressure  flexibk  steam  pipes 
and  introduce  other  complications. 

/  The  total  weight  being  carried  on  the  drivers,  makes  it  pos- 
sible  to  use  a  very  high  tractive  power,  especially  valuable 
for  pushing  and  helping  service. 

g  Impossibility  of  both  engines  slipping  at  the  same  time^  the 
receiver  pressure  automatically  taking  care  of  this.  If 
the  high-pressure  engines  commence  to  slip^  the  receiver 
pressure  will  be  increased  and  produce  greater  back  pres- 
sure on  the  high-pressure  pistons,  and  consequently 
greater  pressure  will  be  admitted  to  the  low-pressure 
pistons,  resulting  in  alternating  slipping  from  one  engine 
to  the  other.    This  is  of  great  value  in  hill  climbing, 

5  Considering  the  matter  of  axle-loads,  this  type  presents  many 
advantages  because  from  four  to  eight  driving  axlea  can  be  employed* 
The  Unutations  of  the  consolidation  or  280  class  are; 

200  000  lb<  on  drivers,  50  000  lb,  axle  load 
220  000  **     "       **        65  000  "       "       ** 
240  000  ^     "       "       60  000  "       "      "* 
In  the  decapod  or  2-10-0  type  we  have  these  limitations: 
250  000  lb.  on  drivers,  50  000  lb.  axle  load 
275  000  "     "       "        55  000  ^^       "       "^ 
300  000  "     '*       "        60  000  " 

6  The  use  of  2-10-0  type,  however,  is  very  questionable  except 
with  small  wheels  on  account  of  the  extremely  long  rigid  wheel  base, 
witli  its  necessary  accompaniment  of  extreme  flange- wear  and  fric- 
tion in  passing  any  but  the  longest  radii  curves*  With  the  Mallet 
articulated  engine  a  much  wider  range  of  driving  wheel  loads  is  per- 
missible.    The  0660  type  permits  the  following  loads: 

300  000  lb.  on  drivers,  50  000  lb*  axle  load 
330  000  *"     "       *'        55  000  "       "*       " 
360  000  "     "       ^        60  000  "       ^       " 
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The  0880  type  permits  the  following  weights  on  drivers: 
400,000  lb.  on  drivers,  50,000  lb.  sxle  load 
440,000  "     "       "        55,000  "       **       " 
480,000  **     "       "       60,000  **       «       " 

7  The  above  figures  ehow  the  possibilities  of  building  locomo- 
tives of  enormous  tractive  power  larger  than  that  possessed  by  any 
other  type.  The  mde  range  of  permissible  axi^Ioads  and  the  gmat 
flexibility,  in  combination  with  the  economy  produced  by  compound- 
ing, especially  in  slow  service,  all  tend  to  make  the  losign  particularly 
well  adapted  to  a  wide  range  of  work, 

8  The  ease  with  which  these  engines  are  fired  is  a  matter  of 
general  surprise.  This  is  largely  due  to  the  use  of  compounding, 
which  reaches  its  maximum  efficiency  at  slow  speeds  and  long  cut- 
offs, whereby  the  work  of  the  fireman  is  materially  reduced* 

9  In  ordinary  service,  especially  for  helping  and  pushing,  the 
entire  weight  is  needed  for  adhesion  and  no  useful  purpose  is  served 
by  the  additional  complication  of  leading  truck  wheels.  No  sharp 
flanges  have  developed  on  the  Baltimore  &  Ohio  0660  type  after  four 
years  of  service.  This  locomotive  has  been  operated  24  hours  per 
day  pushing  up  hill  and  backing  down  over  sharp  curves  without 
detrimental  effects;  while  the  ordinary  consolidations  in  u&e  on  this 
road  do  wear  their  flanges  badly.  This  proves  conclusively  the 
extreme  flexibility  of  this  t3T>e  and  its  ability  to  move  freely  around 
curves  without  the  use  of  guiding  wheels.  The  ease  with  which  a  six- 
wheel  Pullman  cw*  truck  passes  around  curves,  presenting  an  almost 

-ideal  construction  for  this  purpose,  explains  this  freedom  from  flange 
wear*  It  can  readily  be  seen  that  the  front  low-pressure  engine  of 
the  Mallet  locomotive  of  the  0660  type  is  really  nothing  more  than  a 
large  six-wheel  truck  and  it  seems  quite  as  unnecessary  to  add  lead* 
ing  truck  wheels  to  an  engine  of  this  kind  for  ordinary  conditions  as 
to  add  a  leading  wheel  to  the  six-wheel  car  truck. 

10  The  sliding  support  carrying  the  weight  of  the  boiler  is  located 
in  a  position  to  equalize  wheel  loads,  and  by  swinging  links  between 
the  front  of  the  rear  frames  and  the  back  of  the  front  frames,  extremo 
refinement  can  be  made  in  the  equalization  of  weight,  so  that  the  whaelfi 
may  be  equally  loaded.  The  emplo}TOent  of  leading  or  trailing  truck 
wheelsdoesnot  seem  to  be  necessary  except  for  the  possible  use  in  road 
service  where  speeds  exceed  35  and  40  miles  an  hour  and  the  boiler 
requirements  are  such  as  to  make  it  imposjdble  to  utilize  tl«!  entire 
weight  of  the  engine  for  adhesive  purposes.  The  only  justificatioG 
for  their  use  seems  to  be  in  cases  where  the  extreme  boiler  eapaeliy 
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IS  required.  In  the  operation  of  trains  at  good  speeds,  the  boiler 
capacity  b  the  chief  requirement  and  the  tractive  power  a  aet'ondary 
consideration;  as  in  the  case  of  Atlantic  or  Pacific  engines,  where  a 
great  deal  of  adhesive  weight  is  sacrificed  for  the  purpose  of  obtaining 
greater  boiler  capacity, 

1 1  Two  years  ago,  in  discusmng  Mr.  J.  E.  Muhlfeld's  paper  on  large 
electric  and  steam  locomotives  before  the  New  York  Railroad  Club, 
I  called  attention  to  some  advantages  of  this  design  for  heavy  sei^ice, 
among  which  were  the  following: 

a  Ease  of  turning  the  engjne  around  on  a  "  Y"  of  23  deg.  with 
no  grinding  of  flanges  and  almost  entire  absence  of  flange 
friction,  the  engine  appearing  to  pass  the  curves  as  easily 
as  a  car  with  the  ordinary  forms  of  trucks. 

b  Absence  of  any  unusual  exertion  on  the  part  of  the  fireman  in 
maintaining  steam  pressure. 

c  Ease  of  operation,  the  power  reverse  gear  making  much  leas 
exertion,  than  in  the  ordinary  two-cylinder  engine,  neces- 
ary  ta  reverse  of  alter  the  cut*uffj  which  involves  moving 
four  valves* 

12  The  question  of  guiding  trucks  was  also  considered,  and  the 
opinion  which  I  found  at  that  time  was  that  their  use  was  unneces- 
sary and  their  only  effect  would  be  to  complicate  the  design  w^ith- 
out  serving  any  useful  purpose.  The  two  years  which  have  elapsed 
since  that  time  have  merely  tended  to  confirm  this  opinion  and 
the  absence  of  flange  wear  on  the  front  driver  at  the  present  time 
bear>i  testimi>ny  to  the  inherent  flexibility  of  tliis  design  for  mo. 
on  roads  having  sharp  curves, 

Mr.  HAiiHrncTON  Emerbop^     A  few  years  ago  Mr,  B.  J*  Anioldp 

ft  prominent  electrical  engineer,  8tat-ed  that  there  was  no  known  way 
iif  moving  freight  su  cheaply  as  by  putting  a  steam  locomotive 
afread  of  a  train.  During  the  last  few  years  there  has  been  an 
attpmi>t  by  electrical  engineers  to  rush  the  subject,  and  to  p'^tend 
that  the  s Learn  locomotive  is  obsolete.  They  proved  their  case  by 
assuming  ideal  conditions  for  the  installation  of  electric  traction, 
assuming  at  the  same  time  that  current  locomotive  practice  is  the 
best  obtainable. 

2  Two  things  have  occurred  in  recent  times  to  put  far  into  the 
future  this  eJectrification  of  aJl  nulroarb.  One  is  the  panic,  by  which 
mi  I  road  manager??  have  I  wen  n;*  minded  that  it  would  be  expensive 
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to  depreciate  and  make  obsolete  all  their  existing  power  as  well  as 

roiind-housea  and  di vision  pointa:  the  other  factor  is  the  Mallet  type 
of  engine- 

3  Before  the  Mallet  was  developed^  locomotives  had  been  length- 
ened out  until  we  had  for  mountain  grades  the  famous  Santa 
F6  type,  with  its  34:-ft*  wheel  bases.  That  locomotive  operated  very 
economically,  carrying  loads  for  less  than  any  electric  installation 
CDuJd  possibly  have  carried  them. 

4  I  remember  a  discussion  between  a  former  superintendent  of 
motive  power,  and  the  general  manager  of  the  Santa  F4  system, 
in  which  the  latter  accused  the  superintendent's  locomotive  of  spread- 
ing the  track  so  that  nothing  could  run  over  it  The  superintendent 
rephed  that  it  was  the  business  of  the  general  manager  to  keep  the 
track  in  order.  The  question  of  the  wheel  base,  which  was  the 
limiting  question  in  the  old  type  of  locomotive,  is  obviated  in  the 
Mallet  type,  so  that  for  many  years  the  Mallet  will  be  found  operating 
with  the  highest  economy  on  mountain  grades, 

5  There  is  a  difficulty  with  the  Mallet  that  was  also  experienced 
with  the  Santa  F^  type,  I  ^  as  once  with  the  superintendent  when 
he  received  a  telegram  that  one  of  the  locomotives  was  off  the  track. 
He  wired  to  find  what  speed  she  was  running  at,  and  the  reply  came 
that  the  locomotive  was  not  running  at  all,  but  was  standing  still 
The  superintendent  remarked,  ''  We  are  up  against  it  when  locomo- 
tives jump  the  track  when  standing  stili"  That  difficulty  may  also 
be  experienced  from  the  heavy  weight  of  the  Mallet  on  drivers, 

Mr,  L.  R.  PoMERoy  The  paper  and  discussion  thus  far  have  been 
confined  mainly  to  questions  of  design  and  construction.  The  speaker 
desires  to  call  attention  brieflyj  to  some  of  the  commercial  advantages 
of  the  Mallet  type- 

2  Generally  speaking,  the  gain  to  be  expected,  from  the  substi- 
tution of  electric  for  steam  operation,  depends  greatly  on  the  density 
of  traffic  coupled  with  the  frequency  of  units.  And  further,  if  it  is 
not  possible  to  accomplish  by  electric  service  something  now  impo^ii- 
ble  with  steam  service,  then  the  adoption  of  electric  service  is  not 
commercially  practical,  for  there  is  nothing  to  be  gained,  ptr  se,  by 
the  mere  substitution  of  one  kind  of  power  for  another. 

3  This  at  once  suggests  the  question  of  capacity*  On  ct^rt&in 
mountain  grades  where  the  maintenance  of  expensive  helper  service  is 
necessary,  about  all  that  can  be  figured  out  in  favor  of  electric  haidag)f% 
owing  to  the  limited  volume  of  business  in  the  particular  case,  would 
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be  that  the  tonnage  per  train  on  a  given  grade  or  section  could  be 
nearly  doubled,  or  the  train  mileage  halved,  without  a  corresponding 
increase  in  train-crew  expense, 

4  For  instance^  a  SO-mile  mountain  section  having  a  maximum 
grade  of  2.2  per  cent,  with  seven  trains  per  day  in  each  direction* 
The  reduction  of  one-half  in  train  mileage  with  the  same  tonnage  at 
50  cents  per  train  mile,  the  rate  covering  the  items  directly  affected 
as  used  in  computing  the  saving  or  advantages  in  grade  reduction, 
would  amount  to  S65,0O0  per  annum,  and  this  amount  capitalised 
at  6  per  cent  would  equal  about  $1,000,000,  But  to  obtain  this  sav- 
ing electrically  the  complete  electric  apparatus  would  probably  cost 
considerably  more  than  this  capitalized  amount,  whereas  the  requisite 
number  of  Mallet  compound  steam  locomotives  to  perform  the  service 
would  cost  about  one-third  of  the  amount  necessary  for  an  equivalent 
electric  service. 

5  To  state  the  case  another  way,  i.e.,  based  on  train-crew  saving 
only,  leaving  out  entii^ely  all  other  advantages.  The  total  of  14  trains 
is  the  equivalent  of  about  700  train  miles  per  day  and  the  cost  for 
train  crews  amounts  to  from  12 J  to  15  cents  per  train  mile.  Then  the 
saving  per  annum  will  be 

700  X  ai4  X  365  _  uygQo 

This  amount  capitalized  at  6  per  cent  equals  about  $300  000,  or 
more  than  enough  to  pay  for  the  required  number  of  Mallet  locomo- 
tives to  perform  the  service. 

6  The  foregoing  is  not  meant  to  be  a  reflection  on  electric  possibili- 
ties, per  se.  The  particular  case  cited  does  not  possess  the  inherent 
magnitude  of  business  to  warrant  or  justify  an  electric  proposition, 
but  it  does  show  that  until  future  conditions  change  there  are  a  great 
many  cases  where  the  Mallet  type  of  locomotive  mil  serve  as  a  profit- 
able bridge  over  the  deep  chasm  between  present  conditions  and  the 
eventual  supremacy  of  the  electric  locomotivep 

Mh.  George  K  Fowler  As  I  was  coming  up  the  stairs  a  few 
moments  ago  I  met  Professor  Goss,  who  was  about  to  leave  the 
building,  and  he  asked  me  to  say  a  veord  for  hira.  He  wanted  me 
to  call  attention  to  the  fact  that  when  Mallet  designed  his  locomo- 
tive, it  was  designed  for  narrow  gage  roads,  and  for  comparatively 
light  traffic,  as  has  already  been  mentioned  in  the  discussion,  and 
when  an  attempt  was  made  to  apply  this  principle  to  the  tremen- 
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dously  heavy  locomotives  required  for  American  service^  such  as 
we  have  in  the  Great  Northern,  Baltimore  &  Ohio  and  Erie  engines, 
the  problem  assumed  a  magnitude  wliich  Mallet  probably  did  not 
consider  when  he  first  designed  his  engine,  so  that  in  taking  that 
principle  and  adapting  it  to  the  heavy  locomotives  of  American 
practice^  great  merit  must  be  given  to  the  designer  of  the  first  heavy 
Mallet  engine  in  this  country,  the  gentleman  who  presented  the 
paper  to  you  this  afternoon,  Mr.  MeiUn.     This  is  for  Professor  Goes, 

Mr.  George  R.  Hendehsok    The  only  thing  I  want  to  note  U 

the  necessity  in  these  large  engines  for  a  pretty  hberal  supply  of  fuel, 
and  possibly  a  liberal  supply  of  men  to  put  it  in,  unless  we  use  liquid 
fuel,  or  have  some  mechanical  means  of  putting  coal  in  the  fine-boxes. 
Take  one  of  the  Mallet  engines  with  80,000  lb.  tractive  force,  and 
attempt  to  usB  that  force  at  a  speed  of  anywhere  near  16  mCea  an 
hour;  a  large  amount  of  coal,  five  tons,  or  10,000  lb.,  an  hour,  would 
be  called  for  in  the  fire-box^  and  I  think  it  is  time  for  those  interest^ 
in  mechanical  stokers  to  suggest  a  practical  means  of  supplying  this 
fuel  to  the  engines,  so  that  they  may  not  merely  pull  cars  at  slow 
speed,  but  give  a  fairly  good  return  in  horse  power  developed  for 
money  invested. 

Mr,  Alfred  Lovell    The  Mallet  articulated  locomotive  presents 

an  opportunity  to  utiUze  steam  by  double  expansion  without  increas- 
ing the  number  of  working-parts  over  those  required  for  single- 
expansion  engines  of  corresponding  weight  and  power,  and  to  increase 
further  the  economy  thus  secured,  by  the  introduction  of  superheat* 
ing;  an  advantage  touched  upon  only  lightly  by  the  author,  a«d 
deserving  of  a  more  complete  recognition. 

2  The  key-note  of  present-day  engineering  thought  and  activity 
U  the  conservation  of  resources,  as  was  impressed  upon  us  by  the 
vahiable  address  of  the  President  of  the  Society  at  the  opening  of 
the  December  meeting. 

3  In  this  address  it  is  stated  that  under  the  best  conditions  that 
prevail  in  stationary  power  plants  not  more  than  15  per  cent  of  the 
heat  value  of  the  coal  used  is  utilized  in  actual  work  produced  at  the 
engine,  and  that  under  average  conditions  a  considerably  smaller 
percentage  is  realized*  The  best  conditions  referred  to  evidently 
contemplate  the  multiple  expansion  principle  in  the  use  of  steam. 
In  the  best  locomotive  practice  the  conditions  are  still  less  advan- 
tageous for  the  utilization  of  the  heat  value  of  fuel,  and  in  average 
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locomotive  service^  the  percentage  ib  probably  much  less  than  in 
average  stationary  plants.  In  the  locomotive  t^ts  at  the  St,  Louis 
Exposition  in  1904,  the  work  at  the  draw  bar,  not  including  engine 
friction,  represented  a  percentage  of  the  heat  value  of  the  coal  rang- 
ing from  about  3j\  per  cent  in  simple  engines  at  high  speed,  to  about 
S{\  per  cent  in  the  best  compound  engines  at  low  speed. 

4  Good  engineering  practice  thus  demands  that  locomotives  be 
so  designed  as  to  increase  to  a  maximum  the  utilization  of  the  heat 
of  the  fuel,  and  without  excessive  complication  that  might  result 
in  excessive  maintenance  cost,  or  delays  to  service, 

5  In  Europe  the  advantage  of  double  expansion  in  locomotive 
practice  has  long  been  recogniaed.  In  American  railway  service, 
the  last  twenty  years  have  demonstrated  absolutely  that  the  com- 
pound use  of  steam  in  locomotive  service  results  in  a  substantial 
saving  of  fuel,  the  percentage  ranging  from  5  to  40  per  cent,  accord- 
ing to  the  character  and  conditions  of  service.  It  has  also  been 
demonstrated  that  in  long  continued  service,  covering  several  yearSj 
boiler  repairs  are  less  with  the  compound,  due  to  less  demand  for 
steam  and  milder  exhaust 

6  When  the  compound  locomotive  was  first  built  with  four  cylin- 
ders and  their  complement  of  pistons,  piston  rods,  and  rod  and  valve 
packing,  it  was  found  that,  notwithstanding,  the  decreased  boiler  wear, 
the  liability  to  disorder  from  breakage  or  wear  of  engine  parts,  on 
account  of  the  slightly  increased  number  of  wearing  parts,  sometimes 
quite  offset  the  advantage  of  fuel  economy.  The  cross  compound  or 
two-cylinder  type,  liigb- pressure  on  one  side  and  low-pressure  on 
the  other^  was  expected  to  overcome  this  objection,  and  these  were 
built  in  considerable  numbers  for  several  years  succeeding  1895. 

7  Experience  proved  that  under  certain  conditions  this  latter 
type  developed  unequal  or  twisting  strains  in  the  opposite  sides, 
sometimes  resulting  in  bmakage  of  frames  and  other  parts.  Moreover, 
the  demand  for  increased  sise  of  units  of  power  soon  brought  the 
low  pressure  cy Under  in  the  two-cylinder  compound  to  the  limit  of 
sjjte  permissible.  The  result  was  a  further  development  of  four* 
cylinder  compounds,  and  the  tandem  and  balanced  compound  types 
were  produced, 

8  Both  of  these  types  are  good  fuel  savers,  and  are  fi'se  from 
some  of  the  objectionable  features  of  the  earlier  types,  while  the 
tandem  gives  opportunity  to  construct  units  of  great  size  and  power. 
Yet  the  slightly  greater  number  of  working  parts,  and  the  anticipated 
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or  actual  difficulty  of  reaching  some  of  these  parts  io  making  ronniiig 
repairs,  cause  many  to  reject  them  and  to  perpetuate  the  wasteful 
method  of  using  the  steam  single  expansively- 

9  The  articulated  compound  locomotive  bids  fair  to  overcome 
these  objections  entirely.  This  locomotive  is  in  effect  two  engines 
with  one  large  boiler  and  one  fire-box.  The  two  engines  together 
use  the  steam  double  expansively,  and  with  no  more  cylinders  and 
working  parts  than  two  single-expansion  engines.  Boiler  repairs 
should  be  relatively  small  since  the  minimum  of  steam  is  required 
and  the  exhaust  is  mihh  Wearing  parts  of  engines  are  easily  acces- 
sible. 

10  One  engineer  operates  both  engines  as  readily  as  one  four- 
cylinder  engine.  Owing  to  the  economical  use  of  steam,  one  fire* 
man  can  atoke  a  locomotive  of  this  type  having  very  large  tractive 
power.  The  type  thus  provides  means  for  the  economical  use  of 
fuel  with  a  minimum  of  labor  and  no  increase  of  disorder  delays,  or 
in  engine  repair  cost,  and  with  a  probable  reduction  in  boiler  repair 
cost  m  compared  with  single^xpan.sion  locomotives  of  correspond* 
ing  power, 

11  Superheating  of  steam  in  locomotive  practice  has  been  ahown 
to  effect  fuel  economies  in  single-expansion  locomotives  nearly  or 
quite  equal  to  those  secured  by  compounding.  It  is  probable  that 
with  proper  arrangements  a  combination  of  double-expansion,  and 
of  superheating  the  steam  before  using,  or  reheating  it  between  the 
high  and  low  pressure  cylindersi  will  give  greater  fuel  economy  than 
either  compounding  or  superheating  alone.  The  flexibility  of 
arrangement  possible  in  this  type  of  locomotive  presents  a  most 
advantageous  opportunity  for  this  combination. 

12  The  necessities  of  the  future  will  demand  in  locomofive  prac- 
tice the  greatest  possible  conservation  of  skilled  labor  and  of  fuel,  and 
for  the  reasons  mentioned  the  Mallet  articulated  compound  locomo- 
tive is  worthy  of  the  spirit  of  the  day,  and  will  perform  an  important 
part  in  the  economies  of  the  future. 

Mr,  S.  M.  Vauclain  exhibited  a  large  number  of  lantern  slides 
of  which  he  gave  an  interesting  running  account  by  way  of  discus* 
si  on  of  the  paper-  These  related  to  the  initial  work  of  Mallet  in  the 
development  of  the  type  of  locomotive  that  bears  his  name  and  to 
locomotives  of  this  type  built  by  the  Baldwin  Locomotive  Worka, 
He  said:  It  is  not  my  purpose  to  criticise  the  admirable  paper  of 
Mr*  MeUin;  but  merely  to  preface  my  discussion  with  remarks  to 
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the  effect  that  I  do  not  coincide  with  the  author  in  all  his  conclu- 
sions or  ID  his  treatment  of  the  principles  upon  which  Mr,  Mallet 
has  spent  so  many  years  of  his  most  useful  career.  One  design 
of  this  most  flexible  type  of  locomotive  may  be  so  treated  as  to  in- 
clude many  devices  considered  entirely  unnecessary  by  the  inventor, 
yet  on  the  other  hand  it  is  quite  natural  to  make  additions  or  changes 
common  to  American  practice  and  suggested  by  years  of  experience 
on  American  roads.  It  is  not  my  purpose  to  discuss  the  detaib  of 
the  paper  but  to  add  what  is  most  lacking^  a  historical  sketch  giving 
the  fullest  honor  to  the  original  inventor,  and  to  show  the  develop- 
ment of  the  subject  in  the  United  States  from  the  standpoint  of  our 
progressive  railroad  raen. 

2  It  was  Mallet  who^  in  1875,  started  the  era  of  economics  in 
locomotive  building  destined  to  keep  all  minor  lights  in  locomotive 
building  fully  occupied.  He  did  this  by  means  of  a  two-c3^Under  or 
crosB-corapound  locomotive  of  Roentgen  type  built  at  Creusot  for  the 
Bayonne  &  Biarritz  Railway.  In  1877  he  recognized  the  ineffi- 
ciency of  this  type,  since  proved  in  America,  and  adopted  the  more 
sensible  four-cy Under  tandem  type.  But  so  rapidly  did  his  mind 
work  that  during  the  same  year  he  changed  from  the  tandem  type 
to  one  in  wbdch  the  cyhnders  were  coupled  to  separate  systems  of 
wheels  and  operated  independently,  but  with  one  supply  of  steam. 
His  idea  was  either  to  use  a  rigid  frame  or  to  articulate.  The  De- 
Glehm  engines,  the  first  of  which  was  built  in  18S5  for  the  Chemin  de 
Fer  du  Nord  and  later  for  the  Paris,  Lyons  &  Mediterranean,  were 
of  the  former  or  solid-frame  pattern.  He  shortly  thereafter  success- 
fully introduced  the  articulated  frame  which  is  considered  a  charac- 
teristic feature  of  the  type  which  now  beai^  his  name,  and  we  owe 
to  Mr,  Mallet  all  the  honor  that  may  ensue  from  its  introduction  in 
this  country.  It  is  to  be  regretted  that,  like  Walschaerts,  Mallet  is 
unable  to  realize  the  full  benefit  of  his  inventions,  owing  to  the  time- 
limit  of  the  patent  law, 

3  The  Baldwin  Locomotive  Works  recognized  the  merit  of  Mal- 
let's invention  and  in  1889  made  a  careful  investigation  of  the  engine 
used  by  the  Decauville  Railway  at  the  Paris  Exposition,  Numer- 
ous efforts  were  made  to  interest  both  foreign  and  domestic  railroads, 
and  Mr.  Mallet  personally  assisted  in  planning  the  general  types* 
Tlie  first  design  for  a  domestic  road  was  submitted  to  the  Erie  Rail- 
road in  1898,  and  it  was  at  that  time  considered  a  very  heavy  loco- 
motive, 

4  Many  designs  were  worked  out  for  J.   W.  Kendrick,  Second 
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Vice-President  of  the  Atchison,  Topeka  &  Santa  F^  Railway.  The 
later  designs  of  this  series  had  an  intermediate  chamber  to  overcome 
the  objectionable  length  of  tubes,  fire-box  combustion  chamber,  and 
leading  and  trailitig  trucks*  In  one  of  the  designs  for  passenger 
service  it  was  intended  to  produce  a  locomotive,  with  superheater  ^ 
of  sufficient  power  for  the  heaviest  train  on  grades  of  two  per  cent 
and  less, 

5  The  design  finally  proposed  by  Mr.  Kendrick  had  a  reheater 
between  the  high  and  low  pressure  cylinders  through  wliieh  the  steam 
must  pass  on  the  way  to  the  low-pressure  engine,  and  also  a  feed- 
water  heater-  The  cylinders  in  this  engine  face  each  other  aa  in 
previous  design  for  freight  service. 

6  Designs  were  proposed  for  freight  service,  embodying  the 
jointed  boiler  feature  having  cylinders  facing  each  other,  open  com- 
bustion chamber  covered  by  a  movable  cap,  etc.  The  design  finally 
adopted  for  freight  service  for  this  railroad  had  a  reheater,  super- 
heater and  feed-water  heater,  and  a  detachable  front  section  making 
all  parts  readily  accessible.  The  final  type  agreed  upon  for  pas- 
senger service  has  five  pairs  of  driving  wheels,  a  four-wheel  leading 
truck  and  a  two- wheel  trailing  truck. 

7  One  of  the  first  to  recognixe  the  merit  of  the  Mallet  type  of 
locomotive  was  J*  J*  Hill,  who  ordered  five  of  these  locomotives.  A 
design  of  a  locomotive  without  a  truck  was  first  submitted,  but  hi* 
demanded  a  trailing,  as  well  as  a  leading,  truck,  and  experience  with 
this  arrangement  has  proven  his  diversion  from  previous  practice  to 
be  justified.  This  was  also  in  accordance  with  our  own  preference. 
On  the  Great  Northern  Railway,  67  engines  of  the  Mallet  t^^je 
are  now  in  use  working  on  grades  of  from  0*6  per  cent  to  2.2  per  cent, 

8  The  speaker  had  received  from  Geo.  H.  Emerson,  Superintendent 
of  Motive  Power  of  this  road,  data  upon  the  performance  of  some  of 
these  engines,  which  he  submitted  in  abstract.  These  are  given  in 
full  under  Mr,  Emerson's  name  in  the  discussion  immediately  follow- 
ing. ^ 

9  Engines  designed  for  service  on  the  Mexican  Central  were  then 
referred  to,  and  a  r^um6  was  given  of  designs  proposed  for  the 
Southern  Pacific  and  worked  out  at  the  solicitation  of  J.  Krutt- 
schnitt.  The  first  design  had  no  trucks,  no  tender  side  tanks  being 
employed.  The  side  tanks,  however,  reduced  the  boiler  capacity 
and  the  coal  box  was  inadequate.  The  second  design  provided  for 
separate  cabs  for  the  engineer  and  the  fireman.  The  engineer  wa§ 
placed  forward  and  the  fireman  in  the  rear.     A  combustion  chamber 
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was  employed  in  the  third  design  in  order  to  reduce  the  length  of 
flues  to  a  reasonable  figure.  The  fourth  design  was  made  to  over- 
come the  objection  of  small  driving  Trheels;  in  it  were  employed  all 
the  possible  details  of  the  Harriman  common  standards.  This 
d^ign  shows  a  logical  outcome,  and  two  locomotives  of  the  type  are 
now  in  the  course  of  conatruction*  The  low-pressure  cylinders  are 
detachable,  the  boiler  is  separable  and  the  steam  from  the  high  to  the 
low  pressure  cylinders  passes  through  a  Vauclain  reheater, 

10  In  closing,  the  speaker  referred  to  a  special  design  of  his  own, 
differing  from  that  of  the  Mallet  type  previously  noted,  in  having  a 
flexible  boiler  instead  of  provision  for  sliding  contact  for  the  front 
end  of  the  boiler  to  the  supporting  member  of  the  frame,  providing 
the  necessary  lateral  movement  in  rounding  curv^es.  The  boiler  is 
in  two  sections,  each  firmly  secured  to  it-s  own  cylinders,  and  frames 
hinged  after  the  Mallet  design,  but  the  two  sections  of  the  boiler 
joined  by  a  flexible  connection  between  the  two  smoke  chambers 
containing  the  superheater  and  the  reheater. 

Mr.  G.  H.  Emersoft  In  October  1906  the  Great  Northern  Rail- 
way received  five  large  Mallet  engines,  the  two  high^presaure  cylinders 
being  21  i  in,  in  diameter  by  32  in*  stroke,  the  two  low-pressure  cyUn- 
ilcra  located  on  forward  engine  33  in.  in  diameter  by  32  in,  stroke: 
boiler  pressure  200  lb.;  weight  on  drivers  316,000  lb.;  total  weight  of 
engine  and  tender  loaded  503,200  lb.;  diameter  of  drivers  55  in,; 
engine  having  two-wheel  pony  truck,  three  pairs  of  drivers  on  front 
engine  with  three  pairs  of  drivers  followed  by  two-wheel  trailer  on 
rear  engine;  boiler  having  total  heating  surface  of  5700  eq*  ft,  and 
grate  area  of  78  eq.  ft.;  maximum  rigid  wheel  base  on  either  engine, 
10  ft.    This  engine  will  be  referred  to  hereafter  as  class  L-L 

2  The  largest  engines  heretofore  used  by  this  company  were 
the  consolidation  F-class  having  cylinders  20  by  32;  carrying  210  lb. 
boiler  pressure-  180,000  lb.  on  driver;  total  weight  of  engine  and 
tender  318,000  lb.;  total  heating  surface  of  boUer  2768>4;  total  grate 
area  59.2;  diameter  of  drivers  55  in. 

3  The  five  large  class  L-1  Mallets  above  referred  to  were  pur- 
chased as  helpers  on  heavy  grades  and  were  placed  in  service  on  the 
Cascade  Mountains  between  Skykomish  and  Leavenworth,  where  the 
ruling  grade  la  2.2  per  cent.  East  from  Skykomish  there  are  22 
miles  of  continuous  2,2  per  cent  grade  with  a  let-up  J  through  the 
Cascade  Tunnel  of  1.7  for  a  distance  of  three  miles.  _ West  from 
Leavenworth  there  is  almost  a  continuous  grade  of  2,2  per  cent  for 
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a  distance  of  32  miles  ending  at  Cascade  Tunnel  station.  The  en^nes 
were  put  to  work  on  this  hill  in  helper  service  to  take  the  place  of 
the  consolidation  F-8  type  as  pusher  and  to  help  an  F-S  engine  ueed 
in  road  service  between  Leavenworth  and  Delta,  a  distance  of  109 
miles. 

4  The  engines  were  so  large  they  could  not  be  taken  care  of  with 
the  facilities  provided*  As  they  could  not  be  turned  around  Dvlth- 
out  providing  further  facilities,  they  were  designed  with  pony  truck 
in  front  and  trailer  behind  and  during  the  first  winter's  service,  there- 
fore, they  were  not  turned  nor  were  they  taken  into  a  roundhouse, 

5  Soon  after  receiving  these  engines  tests  were  made  to  deter- 
mine the  tonnage  which  they  could  handle,  and  their  economy  as 
compared  with  the  consolidation  engine.  One  Lrl  was  first  used  HiS 
a  helper  engine  with  an  F-8  as  a  road  engine  and  it  was  found  that  the 
two  engines  could  easily  handle  1300  tons  up  the  mountain,  Itwae 
further  developed  that  while  the  F-8  handled  only  500  the  L-1  han- 
dled 800  tons  of  the  train,  using  no  more  coal  with  this  load,  and  in 
fact  somewhat  less,  than  the  consolidation  with  her  part  of  the  train. 

6  The  first  winter's  performance  was  so  favorable  to  the  Mallet 
engine,  both  from  an  operating  and  a  maintenance  standpoint,  that 
arrangements  were  made  for  additional  Mallets,  as  it  had  been  decided 
they  could  be  used  in  road  service  sus  well  as  on  hill  service,  and  in 
May  1907  25  road  Mallets  were  received,  somewhat  smaUer  than 
the  first  ones  purchased,  their  high-pressure  cylinders  being  20  by 
30;  low  pressure  31  by  30,  200  lb.  boiler  pressure;  250,000  lb.  on 
drivers,' total  weight  of  tender  and  engine  451,000;  total  heating  sur- 
face 3914;  grate  area  63.4  sq,  ft.  The  general  design  of  this  engine 
was  the  same  as  that  of  the  former  one,  except  that  it  was  of  smaller 
dimensions,  and  the  Ijoiler  provided  on  the  engine  was  identical  with 
the  boiler  used  on  Prairie  and  Pacific  engines  having  cylinders  22  by 
30  with  69-in,  drivers,  carrying  210  lb.  steam  pressure.  This  last  or 
road  class  will  hereafter  be  designated  as  Lr2. 

7  These  engines  were  put  in  semce  on  a  section  of  the  road  where 
there  is  a  1  per  cent  grade  and  showed  themselves  so  economical  that 
in  May  1908  further  Mallet  engines  were  received  as  follows:  17  type 
Lnl  and  20  type  Lr2,  it  having  been  decided  to  extend  the  use  of  the 
Mallet  engines  to  districts  having  grades  as  low  as  0J2  per  cent- 

PEBFORliANCB  ON  CASCADE  DIVISION 

8  Distance  from  Leavenworth  to  Everett,   108.70  miles;  niling 
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grade,  both  directions,  2,2  per  oentj  total  ascent:  west,  2192,  east, 
3376. 

9  On  the  main  line  of  the  Cascade  Division  between  Leavenworth 
and  Everett,  the  Mallet  class  Lnl  engine  has  superseded  the  consoli- 
dation F-8  class.  As  explained  in  Par,  3,  the  large  Mallets  were  first 
introduced  on  the  hill  between  Skykomish  and  Leavenworth  with 
consolidation  train  engine  and  L^l  helpers  used  on  the  hill  only*  Up 
to  the  present  time  the  tonnage  taken  over  this  mountain  has  been 
gradually  increased  from  1050,  with  two  consoHdation  engines,  to 
1600  tons  now  being  hauled  with  L-1  engines.  The  L-1  engines  have 
replaced  the  consolidation  engines  and  it  is  now  the  practice  to  start 
out  from  Everett  with  one  L-1  engine  used  as  a  road  engine  taking 
1600  tons  as  far  as  Sk>^komish  over  a  ruling  grade  of  one  per  cent. 
At  Skykomish  another  L-1  is  put  on  as  a  pusher  and  the  two  engines 
take  the  1600-ton  train  over  the  mountain.  The  tonnage  hauled  in 
the  opposite  direction  is  the  same  and  the  L-1  or  large  Mallet  helper 
has  proved  herself  not  only  worthy  of  helper  service,  but  a  good 
reliable  road  engine^  and  the  combination  of  road  and  helper  service 
works  out  admirably  on  this  division,  making  it  unnecessary  going 
east  to  reduce  the  tonnage  at  Skykomish  in  order  to  get  over  the 
heavy  grade, 

10  Recent  performance  shows  that  on  a  round  trip  over  this 
division  the  L^l  engines  handled  1600  tons  with  a  total  of  43J  tons 
of  coal  or  equivalent  to  2543  lb*  of  coal  per  100-ton  mile.  TheF-^S 
consolidation  type  could  handle  only  a  1050-ton  'train,  with 
practicaUy  the  same  amount  of  coal,  or  equivalent  to  38.29  lb,  of 
coal  per  100-ton  mile.  In  other  words,  the  tonnage  on  this  division 
has  been  increased  at  least  52  per  cent  with  a  saving  of  34.39  per  cent 
lb.  of  coal  per  100-ton  mile,  due  to  the  Mallet  engine^  The  pusher 
engines  on  this  district  are  allowed  only  switching  mileage,  that  is, 
6  miles  per  hour  while  in  actual  service,  and  for  this  reason  it  is  some- 
what hard  to  make  a  comparison  with  other  engines,  as  they  will 
take  the  1600-ton  train  over  the  mountain  on  the  hardest  pull  at  a 
speed  of  not  less  than  8  miles  per  hour. 

11  A  good  showing  in  repairs  is  made  by  the  average  of  22,33 
cents  per  mile  for  the  year  ending  June  30,  1908,  especially  when  it 
13  considered  that  during  this  period  the  engines  were  exclusively 
in  pusher  service.  Since  putting  1^1  large  Mallets  in  road  service  to 
replace  all  the  consolidation  t>"pe,  the  performance  has  been  so  satis- 
factory that  only  four  are  now  used  as  pushers  exclusively,  two  as 
helpers  over  the  Cascade  mountains  and  two  on  the  Butte  Division 
in  transfer  service. 
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PERFORMANCE    ON    SPOKANE    DIVISION 

12  Distance  from  Spokane  to  Leavemvorth;  197.40  miles;  nillng 
grade,  both  directions,  LO  per  cent;  total  ascent;  west,  1351,  ?ast 
2186. 

13  The  1600  tons  delivered  from  Cascade  Division  at  Leaven- 
worth are  here  reduced  to  1450,  A  small  Mallet  1^2  takes  this  traits 
to  Hillyard,  a  distance  of  about  202  miles.  Here  too  the  hauling 
capacity  of  the  Mallet  engine  has  made  possible  an  increase  in  ton* 
nage  from  1100  tons  hauled  by  the  consolidation  to  1450  tons,  an 
increase  of  3L8  per  cent.  The  run  is  so  long  that  this  tonnage  of 
1450  has  been  established  by  this  division  in  order  to  get  trains  over 
the  district  in  a  reasonable  time.  Engines  have  not  been  loaded 
down  to  mere  drags,  but  the  L-2  Mallet  engine  handles  this  tonnage, 
from^S  to  10  miles  per  hour  on  the  heaviest  hills,  up  to  30  mUes  per 
hour  over  portions  of  the  district  where  the  grade  is  not  so  hard. 
The  performance  for  the  year  ending  June  30,  1908,  shows  22,04  lb, 
of  coal  per  100-ton  mile  on  this  district,  a  saving  of  27*5  per  cent 
over  a  consolidation. 

PERFOHMANCE   ON    KAUSPELL   DIVISION 

14  Distance  from  Cutbank  to  Whitefish,  127.88  miles:  ruling 
grade;  west,  1.0,  east,  L8  per  cent;  total  ascent:  west  1613,  east 
2305- 

16  On  the  Kalispell  Division,  which  is  the  next  division  east 
where  Mallet  engines  are  used,  the  Ln2  engine  takes  a  train  of  17QQ 
tons  from  Whitefiah  to  Essex,  where  the  ruling  grade  is  0-8  per  cent. 
At  Essex  a  large  L-1  helper  is  put  on  to  help  the  train  up  to  Summit, 
a  distance  of  18  miles,  where  the  ruling  grade  is  1.8  per  cent.  West 
bound,  Lr2  engine  takes  a  train  of  1450  tons  from  Cutbank  to  White- 
fish,  ruling  grade  being  1  per  cent.  On  tiiis  district  replacement  of 
the  F-9  class  consolidation  by  the  Mallet  engine  has  increased  the 
tonnage  20  per  cent  with  a  corresponding  reduction  in  coal  per  100- 
ton  mile  of  20.7  per  cent. 

PERFORMANCE    ON    MONTANA    DIVISION 

16  Distance  from  Havre  to  Cutbank,  129.37  miles;  ruling  giade: 
west  1.0,  east  0.8;  total  ascent:  west  1952,  east  712, 

17  From  Cutbank  to  Havre,  another  L-2  Mallet  engine  cairi^ 
through  the  1700  tons  delivered  from  the  Kalispell  Division.    Going 
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west  from  Havre,  the  L-2  road  Mallet  handles  1450  tons.  The  round 
trip  on  this  division  with  L-2  engine  is  made  with  32  tons  of  coal, 
or  equivalent  to  15,75  lb,  of  coal  per  100- ton  mile,  F-7  consolida* 
tion  previously  used,  requiring  the  same  amount  of  coal,  handled 
only  1200  tons  west  and  1426  east,  or  equivalent  to  18,9  lb.  of  coal 
per  100-ton  mile,  showing  a  decrease  by  the  use  of  the  Mallet  engine 
of  16.6  per  cent  of  coal  per  100-ton  mile,  and  an  increase  of  20  per 
cent  tonnage, 

PBRFOBMANCE    ON    MINOT   DIVISION 

18  Distance  from  Minot  to  Williston^  120.83  miles;  ruling  grade 
both  directions,  0:72  per  cent;  total  a^c^nt:  west  1069,7,  east  777,1. 

19  Here  the  L-2  small  Mallet  has  replaced  the  F-8  consolidation, 
having  increased  tonnage  from  1600  to  2200,  The  1^2  engine  makes 
the  round  trip  on  30  tons  of  coal,  or  equivalent  to  1 L29  ib,  of  coal  per 
100-ton  mile  as  against  16.491b.  of  coal  per  100-ton  mile  for  consolU 
dation,  having  increased  tonnage  37.6  per  cent  with  performance 
of  27  per  cent  leas  coal  per  100- ton  mile. 

PERFORMANCE   ON    BUTTE   DIVISION 

21  There  are  now  two  L-1  engines  in  transfer  service  between 
Butte  and  Woodville,  where  the  ruling  grade  Is  2,2  per  cent.  Their 
performance  compajres  very  favorably  with  that  on  the  Cascade 
Divirion, 

22  The  lr-2  engines  have  done  good  road  service  between  Clancy 
and  Woodville,  on  this  divisionj  replacing  the  F-8  engines  where  the 
tonnage  wag  increased  from  550  to  700  tons  going  west  over  a  2,2  per 
cent  grade  and  from  1200  to  1650  going  east.  Owing,  however,  to 
another  part  of  this  branch  having  been  washed  out  in  the  early 
summer,  and  track  conditions  not  allowing  for  the  handling  of  heavy 
trains  east  of  Clancy,  the  Mallet  engines  between  Clancy  andWobd- 
viUe  were  taken  to  other  divisions  until  such  time  as  the  handling 
of  heavy  trains  on  thija  district  would  be  warranted.  The  two  Mallets 
in  transfer  service  between  Butte  and  Woodville,  however,  are  still 
retained  in  service  and  are  doing  business  formerly  done  by  five 
consolidationa. 

oeni;ral 

23  The  performance  of  Mallet  engines  above  referred  to  by  divi- 
sions shows  their  economy  in  fuel^  also  how  they  have  increased  the 
tonnage  per  train  and  thus  cut  down  the  cost  of  train  service,  as  H 
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may  be  said  that  two  trains  with  Mallet  engines  have  replaced  three 
trains  hauled  with  consolidations. 

24  The  cost  of  maintenance  one  would  naturally  expect  to  be 
higher  on  the  Mallet  engines,  but  for  the  year  ending  June  30,  190S, 
the  cost  of  repairs  on  the  L-2  road  engines  was  10,47  cents,  w^hich 
we  do  not  think  at  all  excessive  when  it  is  considered  that  we  hav^ 
two  pairs  of  cylinders  and  two  engines  but  only  one  boiler  to  main- 
tain. The  cost  of  maintenance  on  consolidation  engines  in  the  same 
service  is  very  seldom  less  than  eight  cents  per  mile- 

25  Another  feature  which  has  been  noticed  from  the  start  is  that 
the  Mallet  engine  is  not  at  all  hard  on  draw  bars,  principally  because 
it  is  not  possible  in  starting  a  train  to  slip  both  sets  of  drivers  at  the 
same  time,  so  that  the  train  is  not  jerked  as  it  would  be  by  a  simple 
en^ne  slipping  and  catching.  When  the  Mallet  engine  does  slip  it 
is  usually  the  high- pressure  engine  which  slips  first.  This  naturally 
builds  up  the  receiver  pressure  and  will  cause  the  low-pressure  engine 
to  slip  until  the  receiver  pressure  is  worked  down  and  the  engines  get 
down  to  equal  work. 

26  The  tire-wear  on  these  engines  is  very  light  and  the  flange- 
wear  is  also  not  excessive.  In  fact.  Mallet  engines  have  been  put  in 
on  some  districts  where  the  flanges  on  consolidations  would  cut  badly, 
and  no  appreciable  flange  wear  has  been  noticed  on  the  Mallets,  no 
doubt  on  account  of  the  short  rigid  wheel-base  as  well  as  the  guid- 
ing pony  truck.  It  is  hardly  necessary  to  state  that  the  Mallet  engine 
w^ith  its  rigid  wheel  base  of  only  10  ft.  and  axle  load  not  to  exceed 
50,000  is  not  hard  on  the  track, 

27  We  still  have  in  service  two  of  the  first  L-1  Mallet  engines, 
which  have  ever  yet  been  in  the  shop  for  general  overhauling,  in 
fact,  have  never  been  off  their  wheels,  but  have  been  in  continual 
service  since  October  1906,  with  the  exception  of  light  roundhouse 
repairs.  The  above  performance  would  seem  somewhat  exaggerated, 
in  fact  the  correctness  of  these  statements  has  very  naturally  been 
questioned  on  several  occasions  by  motive  power  officials  not 
acquainted  with  the  Mallet  engines.  Fortunately,  however,  some 
of  them  have  had  the  privilege  of  investigating  for  themselves  and 
I  think  it  can  be  fairly  stated  that  no  one  who  has  seen  them  in  oper- 
ation has  been  disappointed  with  their  performance.  While  not 
wishing  to  say  anything  to  retard  the  progress  of  the  electric  locomo- 
tive, we  cannot  help  feeling  that  the  introduction  of  the  Mallet  engine 
has  set  back  the  introduction  of  the  electric  locomotive  for  a  groat 
deal  of  hill  service,  as  the  Mallet  performance  haa  set  a  new  figure 
for  economical  performance. 
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The  Author  It  seems  from  the  diBcussion  that  the  only  point 
of  difference  in  opinion  is  whether  a  truck  should  be  used  or  noL  Its 
necessity  cannot  be  proved  by  simply  putting  it  there,  but  by  omitting 
it,  and  the  numerous  cases  of  observation  of  engme^  properly  designed 
with  the  omission  of  the  truck  prove  conclusively  that  it  is  not 
required,  and  have  in  every  way  borne  out  the  argument  made  in 
the  paper  for  its  omission.  If  a  railroad,  however,  insists  on  having 
the  truck  and  carries  the  responsibility  for  the  service  of  the  engine^ 
it  will  of  course  have  to  be  applied,  but  they  would  do  better  to 
leave  it  off,  as  it  necessarily  reduces  the  efficiency  of  the  engine  by  its 
added  resistance. 

2  Mr,  Vauclain  said  that  Europeiin  builders  have  applied  the 
trucks  on  this  type  of  engine,  but  so  far  as  this  is  done  it  has  generally 
been  confined  to  engines  with  only  two  pairs  of  driving  wheels  in 
each  set  of  engines,  and  where  the  curvatures  have  been  so  sharp 
that  so  short  a  wheel  has  been  considered  insufficient  for  the  safe 
guiding  of  the  engine^  or  in  some  cases  where  the  builders  and  the 
roads  ordering  such  engines  have  been  in  doubt  as  to  their  qualifica- 
tions and  have  therefore  added  the  trucks  as  a  safeguard. 

3  The  oldest  and  most  successful  users  and  builders  of  this  type 
of  engine  do  not  apply  the  truck,  wnth  an  occasional  exception  of  the 
two-axle  cla^s  referred  to  above, 

4  I  heard  with  pleasure  Mr.  Vauclain's  high  tribute  to  Mr.  Mallet, 
in  which  I  join  most  he-artilj^  and  hope  that  be  may  live  to  see  his 
labor  fully  recognized,  which  is  seldom  the  case  with  the  prominent 
men  who  are  in  advance  of  their  contemporaries.  In  regard  to  the 
cross-compound  engine,  however,  Mr.  Vauclain's  statement  that  it 
has  proved  to  be  on  a  wrong  principle  wiU  need  some  modification, 
so  far  as  this  continent  is  concerned.  There  are  cross-compound 
locomotives  in  use  which  have  shown  for  years  a  saving  in  fuel  of 
from  25  to  40  per  cent  from  the  start  to  the  present  day.  One  of  the 
greater  trunk  lines  has  for  the  last  ten  years  built  this  type  of  engine 
exclusively,  for  its  heaviest  freight  service,  amounting  to  several 
Imndred  engines,  and  has  found  by  frequent  and  thorough  tests  (the 
iates^t  witlibi  the  last  few  months)  that  performances  are  as  good 
today  as  they  were  ten  years  ago,  these  engines  hauling  45  per  cent 
m  ore  load  than  the  simple  engines,  to  the  same  amount  of  fuel.  They 
find  them  also  considerably  easier  on  repairs,  using  one  set  of  tubes, 
to  two  sets  on  the  corresponding  simple  engine,  and  they  make  20 
to  30  per  cent  more  mileage  between  the  repairs.  These  facts  can 
be  verified  by  anyone  interested,  by  personal  inspectionj  as  they  ar^ 
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in  service  every  day,  and  I  have  no  doubt  but  that  the  officials  of  the 
road  will  give  any  desired  information  about  them. 

5  The  continually  increasing  weight  of  the  locomotive  in  general 
necessitated  the  compound  to  follow,  and  when  220  O00-lb<  engines 
were  required,  the  size  of  the  L,  P.  cylindt^r  became  too  large  for  the 
limited  clearances  on  most  roads;  the  articulated  type  of  engine 
described  is  simply  an  outgrowth  or  duplication  thereof  in  all  its 
essential  features  and  advantages,  with  the  adoption  of  the  Mallet 
principle  of  articulation.  With  the  expectation  that  the  discussion 
would  bring  forth  some  particulars  as  to  the  performance  of  this 
engine,  reference  to  it  was  purposely  omitted  from  the  text  of  the 
paper, an<l  a  few  pomts  of  comparison  with  the  100-ton  simple  engines 
used  in  the  same  service  may  be  of  interest. 

6  In  pushing-work  it  took  the  place  of  two  of  these  engines  and 
fUd  the  work  with  ease*  Special  attempts  were  made  to  stall  it  by 
shutting  off  the  front -engine  on  the  heaviest  grade  under  full  load, 
based  on  the  capacity  of  three  of  the  other  engines,  but  it  pushed  both 
train  and  front  engine  to  the  top  of  the  grade. 

7  In  road  sendee  it  is  rated  to  2400  tons  over  a  given  division 
where  two  of  the  100-ton  simple  engines  are  rated  to  2200  tons  (double 
headers),  consuming  practically  the  same  amount  of  fuel  as  one  of 
the  simple  engines.  In  order  to  find  out  the  maximum  power  of  the 
engine  it  was  decided  to  make  up  a  train  of  2700  tons  weight,  but 
this  did  not  stall  the  engine  and  another  train  of  2900  tons  was  tried 
with  the  same  result;  apparently  no  further  attempt  to  st-all  her  by 
overload  has  been  made. 

8  Another  engine  of  this  particular  type  and  practically  the  same 
size  has  shown  fully  as  good  results  in  an  entirely  different  kind  of 
service,  namely,  pushing  a  snow-plow,  where  its  extreme  power  at 
slow  speed  cornes  in  most  advantageously-  Under  these  conditions 
it  has  successfully  handled  the  snow-plow  alone  where  the  ordinary 
engine  will  stall  and  where  it  formerly  required  five  10O*ton  engines  to 
do  this  work  on  various  occasions. 

9  One  of  the  Erie  engines,  referred  to  !jy  Mr-  Cole,  on  one  occasion 
started  a  train  of  four  ordinary  engine  loads  and  the  front  engine  on 
the  giade^  after  having  fixed  a  broken  air  hose, 

10  These  facts  prove  the  statement  in  Par.  52  that,  due  to  extreme 
power  in  running  slow,  the  starting  is  affected  without  jerkia  and 
shocks,  making  it  less  destructive  on  cars  and  couplers  than  with 
much  lighter  ordinary^  engines  that  always  have  to  jerk  tlieir  trains 
into  motion,  utilizing  whatever  slack  can  be  had  in  couplers. 
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TRAINING  WORKMEN  IN  HABITS  OF  INDUSTRY 
AND  COOPERATION 

By  H.  L.  Gantt,  Pawtuckbtt,  K.  I- 

Member  of  tlie  Society 

The  widespread  interest  in  the  training  of  workmen  which  has  b^n 
so  marked  for  several  years  is  due  to  the  evident  need  for  better 
methods  of  training  than  those  now  generally  in  vogue. 

2  The  one  point  in  which  these  methods  as  a  class  seem  to  be 
lacking  is  that  they  do  not  lay  enough  stress  on  the  fact  that  work- 
men must  have  industry  as  well  as  knowledge  and  skill* 

3  H<^il8  of  industry  are  far  more  valuable  than  any  kind  of 
knowledge  or  skill,  for  with  such  habits  as  a  basis,  the  problem  of 
acquiring  knowledge  and  skill  is  much  simplified.  Without  industry, 
knowledge  and  skill  are  of  little  value,  and  sometimes  a  great  detri- 
ment. 

4  If  workmen  are  s>^tematically  trained  in  habits  of  industry, 
it  has  been  found  possible,  not  only  to  train  many  of  them  to  be  effi- 
cient in  whatever  capacity  they  are  needed,  but  to  develop  an  effec- 
tive system  of  cooperation  between  workmen  and  foremen. 

Tills  is  not  a  theory,  but  the  record  of  a  fact, 

5  It  is  too  much  to  hope,  however,  that  the  methods  about  to  be 
described  wiU  be  adopted  extensively  in  the  near  future,  for  the  great 
majority  of  managers,  whose  succe^  is  based  mainly  on  their  per- 
sonal ability,  will  hesitate  before  adopting  what  seems  to  them  the 
slower  and  less  forceful  policy  of  studying  problems  and  training 
workmen;  but  should  they  do  so  they  will  have  absolutely  no  desire 
to  return  to  their  former  methods. 

6  The  general  policy  of  the  past  has  been  to  drive,  but  the  era  of 
force  must  give  way  to  that  of  knowledge,  and  the  policy  of  the  future 
will  be  to  teach  and  to  lead,  to  the  advantage  of  all  concerned.  The 
vision  of  workmen  in  general  eager  to  cooperate  in  carrying  out  the 

Pr^eented  at  the  Ntrw  York  Meeting  (December  1908)  of  The  Ameii»o 
Soeioty  of  Mechanical  Engineers. 
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results  of  scientific  investigations  must  be  dismissed  as  a  dream  of  the 
millennium,  but  results  so  far  accomplished  indicate  that  nothing  wtQ 
do  more  to  bring  about  that  millenniura  than  training  workmen  id 
habits  of  industry  and  cooperation,  A  study  of  the  prindplea  m 
which  such  training  has  been  successfully  established  will  convince  thi 
most  skeptical  that  if  they  are  carried  out  good  results  must  follow. 
An  outline  of  these  principles  has  already  been  submitted  to  tke 
Society  in  a  paper  entitled  A  Bonus  System  of  Rewarding  Labor,* 

7  Under  this  system  each  man  has  his  work  assigned  to  him  in 
the  form  of  a  task  to  be  done  by  a  prescribed  method  with  definite 
appliances  and  to  be  completed  within  a  certain  time.  The  tasi 
ia  based  on  a  detailed  investigation  by  a  trained  expert  of  the  heA 
methods  of  doing  the  work;  and  the  task  setter,  or  his  assigtsnt,  acta 
as  an  instructor  to  teach  the  workmen  to  do  the  work  in  the  nmnner 
and  time  specified*  If  the  work  is  done  within  the  time  allowed  by 
the  expert,  and  ia  up  to  the  standard  for  quality,  the  workmaii  receivca 
extra  compensation  in  addition  to  his  day's  pay.  If  it  is  not  done  in 
the  time  set,  or  is  not  up  to  the  standard  for  quality,  the  worknnan 
receives  his  day*8  pay  only, 

8  This  system,  in  connection  with  the  other  work  of  Mr.  F-  W. 
Taylor,  so  greatly  increased  the  output  and  reduced  the  cost  of  ikt 
work  in  the  large  machine  shop  of  the  Bethlehem  Steel  Company  tb^t 
for  the  past  seven  years  the  writer  has  given  a  large  portion  of  his 
time  to  the  development  of  its  possibilities.  The  results  have  far 
exceeded  his  expectations, 

9  In  his  closing  remarks  on  the  above  paper,  the  writer  emph^ 
sized  the  value  of  the  system  as  a  means  of  training  workmcD,  and 
the  late  Dr.  Robert  H,  Thurston  in  his  discussion  of  it  w^as  so  optiims- 
tic  as  to  the  results  it  would  produce  on  *' workmen  and  foremen  ami 
employer  aUke"  that  the  writer  felt  that  his  enthusiasm  over  a  new 
tmd  promising  method  had  carried  him^  perhaps,  a  little  too  far. 
Results  have  fully  justified  Dr»  Thurston's  predictions,  however,  for 
today  the  method  has  been  developed  as  a  practical  system  of  educa- 
tion and  training  for  all,  from  the  highest  to  the  lowest.  The  fad, 
so  repeatedly  emphasized  by  Mr.  Taylor,  that  tasks  sh(ndd  be  «el  onl^ 
05  ihc  result  of  a  scientific  investigation j  has  pmved  of  an  educatioMl 

^  A  BoDua  System  of  Rewarding  Labor,  December  1901,  a  eyijt«ro  of  ta«k  wotk 
with  a  bonus  which  had  recently  been  introduced  by  the  writer  Into  the  Ua^ 
machine  sbop  of  the  Bethleheui  Steel  C^jinpimyn  as  a  pare  of  the  system  oX  icmzisi^ 
mtot  being  in^^uced.  into  thedr  works  by  Mr.  F,  W.  Taybr, 
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value  hardly  to  be  over-estimated,  for  the  scientific  investigation  of 
a  process  that  has  been  developed  without  the  assistance  of  science 
almost  always  reveals  inconsistencies  which  it  is  possible  to  elimirate, 
thug  perfecting  the  process  and  at  the  same  time  reducing  its  cost, 

10  It  is  this  scientific  investigation  that  points  to  improvement  in 
methods  and  educates  owners  and  managers;  but  the  average  work- 
man is  interested  only  in  his  daily  wage  and  has  no  special  desire  to 
learn  improved  methods.  The  results  of  our  investigations  are  of 
little  practical  value,  therefore,  unless  we  can  first  teach  our  workmen 
how  to  use  them,  and  then  can  induce  them  to  do  as  they  are  taught. 

PRACTICAL    APPLICATION 

1 1  For  this  purpose  an  instrucloTj  a  task  aTid  a  bonus  have  been 
found  most  iisefuL  People  as  a  rule  prefer  to  work  at  the  speed  and 
in  the  manner  to  which  they  have  been  accustomed  ^  but  are  usually 
willing  to  work  at  any  reasonable  speed  and  in  any  reasonable  manner, 
if  sufficient  inducement  is  offered  for  so  doing,  and  if  they  are  so 
trained  as  to  be  able  to  earn  the  reward.  In  carr>4ng  out  this  plan 
we  try  to  find  men  who  are  already  skilled  and  able  to  perform  the 
task  set.  It  frequently  happens,  however,  that  the  number  of  such 
men  is  insufficient  and  it  takes  time  to  train  the  unspoiled  to  a  proper 
degree  of  efficiency;  but  with  a  bonus  a^  an  incentive,  and  a  proper 
instructor,  a  very  fair  proportion  of  the  unskilled  finally  succeed  in 
performing  a  task  that  was  at  first  entirely  beyond  them. 

12  Unskilled  workmen,  who  under  these  conditions  have  become 
skilled  in  one  kind  of  work,  readily  learn  another,  and  soon  begin  to 
realize  that  they  can,  in  a  measure  at  least,  make  up  for  their  loss  io 
not  having  learned  a  trade* 

13  As  they  become  more  skilled,  they  form  better  habits  of  work, 
lose  less  time  and  become  more  reliable*  Their  health  improves, 
find  the  improvement  in  their  general  appearance  is  very  marked. 
This  improvement  in  health  seems  to  be  due  to  a  more  regular  and 
HCtive  life,  combined  with  a  greater  interest  in  their  work,  for  it  is  a 
well  known  fact  that  i^or/:  in  which  we  are  interested  afid  which  holds  our 
attention  xnthout  any  effort  on  our  pari,  Hres  us  much  less  tlian  that 
w€  have  to  force  ourselves  to  do.  The  task  with  a  reward  for  its  accom- 
pUshment  produces  thb  interest  and  holds  the  attention,  with  the  in- 
variable results  of  more  work,  better  work  and  better  satisfied  workers, 

14  The  Task  and  Bonus  method  of  training  not  only  furnishes  the 
workman  with  the  required  knowledge,  but  by  offering  an  induce- 
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ment  to  utilise  that  knowledge  properly^  traios  him  m  proper  babiis 
of  work, 

J  HABITS   OF    WORK  -  ' 

15  In  all  work  both  quantity  and  qtwliiy  muat  be  considered, 
and  our  task  method  demands  a  maximum  quantity,  all  of  which 
must  be  up  to  the  standard  for  quality.  Workmen  trained  under  thia 
method  acquire  the  habit  of  doing  a  large  amount  of  work  well,  and 
disprove  the  oft-repeated  fallacy  that  good  work  must  be  done  slowly. 
As  a  matter  of  fact,  our  quickest  workers  almost  always  do  the  best 
work  when  following  instructions.  We  set  great  store  by  the  habit 
of  working  quickly,  for  no  matter  how  much  skill  a  workman  may 
have,  he  will  not  attain  the  best  success  without  quickness  a&  welU 

16  Habits  of  work  in  a  mechanic  are  comparable  with  habits  of 
ihoughi  in  an  engineer,  and  our  industrial  schools  should  make  proper 
habits  of  work  the  basis  on  which  to  build  their  training  in  manual 
dexterity.  The  engineering  school  does  not  make  engineers^  but 
tries  to  furnish  its  graduate  with  an  equipment  that  will  enable 
them  to  utilise  readily  and  rapidly  their  own  experience  and  that  of 
others.  In  the  same  manaer^  industrial  training  schools  should 
equip  their  graduates  with  habits  of  industry  that  will  make  them 
as  mechanics  capable,  and  wiUing  to  do  a  large  amount  of  good 
work, 

17  As  the  mTiter  sees  it,  one  of  the  most  valuable  assets  that  the 
graduate  of  a  technical  college  or  an  industrial  school  can  have  is  the 
habit  of  doing  promptly  and  to  the  best  of  his  d>ilit}j  the  work  set  before 
him.  With  this  habit  and  reasonable  intelligence  he  can  make  good 
progress.  This  habit  is  one  of  the  first  results  of  the  Task  and  Bonus 
system,  for  it  is  a  noticeable  fact  that  task  workers  form  habits  of 
industry  which  they  maintain  even  when  on  day's  work  with  no  bonus 
in  sight, 

18  In  all  schemes  for  technical  or  industrial  education  or  train- 
ing that  the  writer  has  seen,  emphasis  has  been  laid  on  the  importance 
of  knowing  how.  The  writer  wishes  to  add  that  ability  and  willing* 
ness  to  do  are  of  at  least  equal  importance.  Many  skilled  workmen 
make  their  skill  an  excuse  for  slow  work.  Those  that  have  not 
l>een  trained  to  utilize  efficiently  what  they  have  learned  never 
attain  the  success  that  should  be  theirs. 

19  Under  our  task  system  the  workman  is  taiLgkt  how  and  trmn^ 
to  do  at  the  same  time,  Knotning  and  doi^i^  are  thus  closely  ossociatecl 
in  his  mindj  and  it  is  our  experience  that  the  habit  of  dobig  effidentiy 
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what  is  laid  out  for  him  becomes  so  fixed  that  he  performs  without 
hesitation  tasks  at  which  a  man  not  trained  to  follow  instructiona 
would  absolutely  fail.  This  is  exactly  what  should  be  expected  aod 
means  nothing  more  than  that  in  our  industrial  army  the  workman 
who  has  gained  confidence  in  his  superior  follows  his  orders  without 
hesitation,  just  as  the  private  soldier  follow^s  the"  orders  of  his  ofRiser 
even  though  he  does  not  see  where  they  lead. 

20  This  is  not  a  fanciful  comparison,  for  I  have  known  more  than 
one  case  in  which  a  workman  expressed  his  doubts  as  to  the  possibility 
of  doing  a  task,  and  on  getting  the  reply  that  the  task  was  all  right, 
said,  *'If  you  say  it  can  be  done,  I  will  do  it/* 

21  Workers  who  have  been  unable  to  perform  their  tasks  in  the 
time  set  have  frequently  asked  to  have  an  instructor  stand  by  them 
with  a  stop-watch  to  time  the  detail  operations  and  show  them  juat 
wherein  they  faOed,  with  the  result  that  they  soon  learned  to  earn 
their  bonus  regularly. 

22  The  first  essential  for  a  workman  to  become  successful  under 
our  task  system  is  to  obey  orders,  and  having  acquired  this  habit  he 
soon  finds  out  that  a  skilled  investigator  can  learn  more  about  doing 
a  piece  of  work  than  he  knows  *'off  hand/'  Having  satisfied  him- 
self on  this  point,  he  goes  to  w^ork  at  the  tasks  set  him  with  the  deter- 
mination to  earn  his  bonus,  with  the  result,  if  he  has  the  natural 
ability,  that  he  soon  becomes  a  rapid  and  skillful  workman, 

23  Learning  to  obey  orders  is  often  the  hardest  part  of  the  work- 
man's task,  for  a  large  percentage  of  men  seem  so  constituted  as 
to  be  apparently  unable  to  do  as  they  are  told.  As  a  rule,  however, 
this  is  a  feature  of  a  certain  stage  of  their  development  only,  which 
under  proper  conditions  they  overcome  at  a  later  date.  For  instance, 
many  very  capable  men  who  were  impatient  of  restraint  when  they 
should  have  learned  a  trade,  find  themselves  at  the  age  of  twenty-five 
or  less  in  the  class  of  unskilled  workmen,  although  their  ability  w^ould 
have  enabled  them  to  do  well  at  almost  any  trade.  It  is  this  class  of 
men,  when  they  have  come  to  realize  the  difference  between  a  skilled 
workman  and  one  not  skilled,  that  furnishes  us  with  many  of  our 
best  task  workers.  Such  men  often  see  in  our  instructoTf  task,  and 
bonus  a  chance  to  redeem  some  of  their  earlier  errors,  and  by  learning 
thoroughly  how  to  do,  and  doing  one  thing  after  another,  in  the  best 
way  that  can  be  devised,  get  a  training,  in  a  short  time,  that  does 
much  to  make  up  for  the  previous  neglect  of  their  opportunities. 
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BOSSES   AS   SERVANTS   AND   TEACHERS 

24  In  a  shop  operated  on  this  system,  where  each  workman  has 

his  task,  one  man  whom  we  term  a  gang  fco55  usually  tends  a  group  of 
workmen,  suppl3ring  them  with  work  and  appliances  and  removing 
the  work  when  finished.  Such  a  man  is  paid  a  bonus  for  each  work- 
man  who  earns  a  bonus,  and  an  extra  bonus  if  all  of  his  group  earn 
their  bonuses.  The  result  is  that  so  long  as  the  workmen  perform 
their  tasks,  though  nominally  their  boss,  he  is  really  their  servant, 
and  becomes  the  boss  only  when  a  workman  fails  to  perform  hig  taak. 
The  loss  of  money  to  the  gang  boss  in  case  a  workman  fails  to  earn 
his  bonus  is  such  that  he  constantly  has  hia  eye  on  the  poor  workman 
and  helps  him  all  he  can.  If,  however,  he  finds  that  the  workman  is 
incapable  of  being  taught,  he  uses  his  influence  to  have  a  better  man 
put  in  his  place, 

25  In  starting  a  shop  on  task  work,  an  instructor  who  is  capable 
of  teaching  each  w^orkman  how  to  perform  his  task  must  be  constantly 
on  hand^  and  must  as  a  rule  teach  one  workman  at  a  time.  This 
instructor  may  be  the  man  who  has  investigated  the  work  and  set  the 
task,  or  he  may  simply  be  an  instructor  capable  of  following  out  the 
work  of  such  an  investigator,  but  he  must  be  readily  available  as 
long  as  any  of  the  workmen  need  his  services,  for  we  make  it  a  rule 
not  to  ask  a  man  to  do  anything  in  a  certain  manner  and  time  unless 
we  are  prepared  to  show  him  how  to  do  it  as  we  specify, 

TASK   SETTING 

26  A  task  must  always  be  set  for  performing  a  definite  operation 
in  a  specific  manner,  a  minimum  time  being  set  for  its  accomplish- 
ment As  compensation,  the  workman  is  paid  for  the  time  set  plus  a 
percentage  (usually  20  to  50)  of  that  time,  provided  the  work  is  done 
in  the  time  allowed  or  less.  If  the  time  taken  is  more  than  the  time 
allowed,  the  workman  gets  his  day's  pay  on!y»  The  fact  that  in 
setting  the  task  the  manner  of  performing  the  operation  is  specified 
enables  us  to  set  another  task  for  the  same  operation  if  we  develop 
a  better  or  quicker  method. 

27  If  after  having  performed  his  task  a  workman  wishes  to  sug* 
gest  a  quicker  or  better  method  for  doing  the  same  work,  he  is  given 
an  opportunity  if  possible  to  demonstrate  his  method*  If  tho  sug- 
gested method  reaUy  proves  to  be  quicker  or  better,  it  is  adopted 
as  the  standard,  and  the  workman  is  given  a  suitable  reward*    AV 
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workman^  however,  is  dUowed  to   make  suggesHoTis  until  he  has  first 
done  the  work  in  the  manner  arid  time  specified. 

28  It  is  the  duty  of  the  investigator  to  develop  methods  and 
set  tasks,  and  unless  the  methods  developed  by  him  are  pretty 
generally  a  great  deal  better  than  those  suggested  by  the  workmen,  he 
is  not  retained  in  the  position.  Working  at  tasks  is  pretty  good  training 
for  task  setting,  and  the  writer  has  gotten  more  than  one  task  setter 
from  the  ranks  of  task  doers, 

29  Inasmuch  as,  after  a  satisfactory  method  has  been  establiEhed, 
a  large  proportion  of  the  work  of  the  task  setter  is  the  study  of  the 
time  in  which  operations  can  be  pei-formed,  he  is  popularly  known 
as  the  Time  Study  man.  This  term  hag  lead  to  a  mbconoeption  of 
his  duties  and  has  caused  many  honest  people  to  claim  that  they  were 
putting  in  our  methods  when  the>'  have  put  a  stop  watch  in  the  hands 
of  a  bright  clerk  and  told  him  to  find  out  how  quickly  the  best  men 
were  doing  certain  work.  Unquestionably  they  have  in  many  cases 
bean  able  to  set  more  accurate  piece  rates  by  this  method  than  they 
liad  been  able  to  set  by  the  older  methods,  but  they  are  still  far  from 
our  ideal,  in  which  the  best  expert,  available  investigates  the  work, 
standardizes  the  appliances  and  methods  and  sets  a  task  that  involves 
utihzing  them  to  their  very  best  efiiciency.  While  the  stop  watch  m 
often  used  to  establish  a  method,  it  is  used  to  determine  the  time  needed 
to  do  the  work  only  when  the  standard  methods  and  appliances  are 
used  efficiently*  Stop  watch  observations  on  work  done  inefficiently 
or  with  ill-adapted  appliances^  or  by  poor  methods,  is  absurd  and 
serves  only  to  bring  into  disrepute  all  Work  in  which  the  stop  watch  is 
used.  Moreover,  such  use  of  the  stop  watch  justly  excites  the  con- 
tempt  and  opposition  of  the  workman. 

30  To  make  real  and  permanent  progress,  the  expert  must  be 
able  to  standardize  appUances  and  methods  and  write  up  such  instruc- 
tions as  will  enable  an  intelligent  workman  to  follow  them.  Such 
standards  become  permanent,  and  if  the  workman  is  paid  a  proper 
bonus  for  doing  the  work  in  the  manner  and  time  set,  he  not  only  helps 
ntaintain  tiie  standards,  but  soon  begins  to  exert  his  influence  to  hdp 
the  progress  of  standardization* 

STANDARnlZATION 

31  AU  work,  and  all  knowledge,  for  that  matter,  may  be  divided 
into  two  classes:  expert  and  siandard.  Expert  knowledge  may  be 
described  as  that  which  has  not  been  reduced  to  writing  in  such  a 
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manner  as  to  be  generally  available,  or  exists  only  in  the  minds  of  a 
few.  By  analogy,  expert  work  is  work,  the  methods  of  doing  which 
either  are  known  only  to  a  few  or  have  not  been  so  clearly  described 
as  to  enable  a  man  familiar  with  that  class  of  work  to  imderstand 
them. 

32  On  the  other  hand,  standard  methods  are  those  that  are  gener- 
ally used,  or  have  been  so  clearly  described  and  proved  that  a  man 
familiar  with  that  class  of  work  can  understand  them  and  safely 
employ  them. 

33  The  largest  problem  of  our  expert  is  to  standardise  expert 
methods  and  knowledge.  When  a  method  has  been  standardized, 
a  task  may  be  set,  and  by  means  of  an  instructor  and  a  boniis  a  method 
of  maintaining  that  standard  permanently  may  be  established. 
With  increasing  efficiency  on  the  part  of  the  workman  the  standard 
always  has  a  tendency  to  become  higher. 

34  We  have  here  the  workman  and  the  foreman  using  their 
efforts  to  maintain  standards,  for  both  fail  to  obtain-  a  bonus  if  the 
standard  is  not  maintained.  This  is  so  different  from  the  case  in 
which  the  standard  is  maintained  only  by  the  man  in  authority  with 
a  club  that  there  can  be  no  comparison. 

36  From  workmen  trained  under  these  methods,  we  get  a  good 
supply  of  instructors  and  foremen,  and  occasionally  an  investigator. 
From  our  investigators,  who  standardize  our  methods  and  appliances, 
we  get  our  superintendents,  and  our  system  of  management  thus 
becomes  self-perpetuating. 

36  The  superintendent  who  believes  that  the  sovereign  cure  for 
all  troubles  is  to  go  into  the  shop  and  raise  a  row,  has  no  place  under 
our  methods,  for  when  the  task  and  bonus  has  been  established, 
errors  are  far  more  frequent  in  the  office  than  in  the  shop,  and  the 
man  who  is  given  to  bluffing  soon  finds  that  his  methods  produce  no 
effect  on  men  that  are  following  written  instructions. 

OBSTACLES 

37  Among  the  obstacles  to  the  introduction  of  this  system  is  the  fact 
that  it  forces  everybody  to  do  his  duty.  Many  people  in  authority 
want  a  system  that  will  force  everybody  else  to  do  his  duty,  but  will 
allow  them  to  do  as  they  please. 

38  The  Task  and  Bonus  system  when  carried  out  properly  is  no 
respecter  of  persons,  and  the  man  who  wishes  to  force  the  workman 
to  do  his  task  properly  must  see  that  the  task  is  properly  set  and  that 
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proper  means  are  available  for  doing  it.  It  is  not  only  the  workman's 
privilege,  but  his  duty,  to  report  whatever  interferes  with  his  earning 
his  bonus,  and  the  loss  of  bonus  soon  educates  him  to  perform  thia 
duty  no  matter  how  disagreeable  it  is  at  first.  We  investigate  every 
loss  of  bonus,  and  place  the  blame  where  it  belongs.  Sometimes  we 
find  it  belongs  pretty  high  up,  for  the  man  who  has  neglected  bis  duty 
under  one  system  of  management  is  pretty  apt  to  neglect  it  at  first 
under  another.  He  must  either  learn  to  perform  his  duty  or  yield  his 
place,  for  the  pressure  from  those  who  lose  money  by  his  neglect  or 
incompetence  is  continuous  and  insistent. 

39  This  becomes  evident  as  soon  as  the  task  and  bonus  gets  fairly 
started,  and  the  effect  is  that  opposition  to  its  extension  develops  on 
the  part  of  all  who  are  not  sure  of  making  good  under  it,  or  whose 
expert  knowledge  is  such  that  they  fear  it  will  all  soon  be  standardized. 
The  opposition  of  such  people,  however,  is  bound  to  give  way  sooner 
or  later,  for  the  really  capable  man  and  the  true  expert  welcome  these 
methods  as  soon  as  they  understand  them. 

HELPS 

40  The  fact  that  the  task  and  the  bonus  enable  us  to  utilize  our 
knowledge  and  maintain  our  standards,  and  that  the  setting  of 
tiLsks  after  a  scientific  investigation  must  necessarily  not  only  incre-ase 
our  knowledge  but  standardize  it,  brings  tn  our  assbtance  the  clearest 
thinkers  and  hardest  workers  in  any  organization.  Our  greatest 
help,  however,  comes  from  the  workmen  themselves.  The  most 
intelligent  soon  realize  that  we  really  mean  to  help  them  advance 
tliemselves,  and  the  ambitious  ones  welcome  the  aid  of  our  instructor 
to  remove  obstacles  that  have  been  in  their  way  for  perhaps  years. 
As  soon  as  one  such  man  has  earned  his  bonus  for  several  days,  there 
is  usually  another  man  ready  to  try  the  task,  and  unless  there  is  a 
great  lack  of  confidence  on  the  part  of  the  men  in  the  management , 
the  sentiment  rapidly  grows  in  favor  of  our  task  work. 

DAY    WORK    AND    PIEC£   WORK 

41  As  used  by  the  writer,  the  Task  and  Bonus  System  of  pay  is 
really  a  combination  of  the  best  features  of  both  day  and  piece-work, 
Tlie  workman  is  assured  his  day  rate  while  being  taught  to  perform  his 
task,  and  as  the  bonus  for  its  accomplishment  is  a  percentage  of  the 
time  allowed,  the  compensation  when  the  task  has  been  performed  is 
a  fixed  quantity,  and  ia  thus  really  the  equivalent  of  a  piece  rate. 
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Our  method  of  payment  then  is  piece-work  for  the  sldUed,  and  day- 
work  for  the  unskilled,  it  being  remembered  that  if  there  is  only  work 
enough  for  a  few,  it  will  always  be  given  to  the  skilled.  This  acts  as 
a  powerful  stimulus  to  the  iins killed,  and  all  who  have  any  ambition 
try  to  get  into  the  bonus  class.  This  cannot  be  too  clearly  borne  in 
nundf  for  wt  have  here  all  the  advantages  of  day-work  combined  with 
those  of  piece-work  without  the  disadvantage  of  either,  for  the  day- worker 
who  has  no  ambition  to  become  a  bonus-worker  usually  of  his  own 
accord  seeks  work  elsewhere,  and  our  working  force  soon  becomes^ 
composed  of  Bonus-Workers,  and  day-workera  who  are  trying  to 
become  Bonus- Workers. 

COdPEHATlON 

42  When  25  per  cent  of  the  workers  in  a  plant  are  Bonua-Workers, 

they,  with  those  who  are  striving  to  get  into  their  class,  control  the 
sentiment,  and  a  strong  spirit  of  cooperation  develops.  This  spirit 
of  cooperation  in  living  up  to  the  standards  set  by  the  experts,  which 
is  the  only  way  a  bonus  can  be  earned,  benefits  the  employer  by  the 
production  of 

More  work 
Better  work 
Cheaper  work. 

It  benefits  the  workmen  by  giving  them 

Better  wages* 

Increased  sldll 

Better  habits  of  work. 

More  pleasure  and  pride  in  their  work 

43  Not  the  least  important  of  these  results  is  the  fact  that  the 
workmen  take  more  pride  in  their  work,  for  this  of  itself  insures  good 
work.  As  an  instance  of  this  pride,  the  writer  has  known  girls  work- 
ing under  the  task  system  to  form  a  society,  admission  to  which  wm 
confined  to  those  that  could  earn  bonus  on  their  work;  the  workers 
themselves  thus  putting  a  premium  on  industry  and  efficiency. 

44  The  fact  that  we  get  better  work  as  well  as  quicker  work 
seems  inconceivable  to  some.    The  reasons  are; 

a  Careful  inspection,  for  no  bonus  is  paid  unless  the  work  is 
up  to  the  standard. 
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b  Work  done  by  a  prescribed  method,  and  always  in  the  same 
way. 

c  Attention  needed  to  do  high-speed  work,  which  keeps  the 
mind  of  the  worker  on  what  he  is  doing  and  soon  results 
in  exceptional  skill* 

45  The  development  of  skilled  workmen  by  this  method  is  sure  and 
rapid,  and  whenever  the  method  has  been  properly  established,  the 
problem  of  securing  satisfactory  hdp  ha^  been  solved.  During  the  past 
few  years  while  there  has  been  so  much  talk  about  the  "growing 
inefficiency  of  labor/'  the  writer  has  repeatedly  proved  the  value  of 
this  method  in  increasing  its  efhciency,  and  the  fact  that  the  system 
w^orks  automatically,  when  once  thoroughly  established,  puts  the 
possibility  of  training  their  own  workmen  ndthin  the  reach  of  all  manu- 
fadurers. 

TRAlNlNa  HELP  A  FUNCTION  OF  MANAGEMENT 

46  Any  system  of  management  that  did  not  make  provision  foi 
obtaining  proper  materials  to  work  with  would  be  thought  very  lax. 
The  day  is  not  far  distant  when  any  management  that  does  not  make 
provision  for  training  the  workmen  it  needs  will  not  be  regarded  as 
much  better,  for  it  is  by  this  means  only  that  a  system  of  manage- 
ment can  be  made  permanent. 

47  To  be  satisfied  to  draw  skilled  workmen  from  the  surplus  of 
other  plants  means  as  a  rule  that  second  rate  men  only  are  wanted, 
and  indicates  a  lack  of  appreciation  of  the  value  of  well  trained, 
capable  men.-  The  fact  that  few  plants  only  have  established  methods 
of  training  workmen  does  not  necessarily  mean  that  the  managers  are 
satisfied  with  that  condition,  but  rather  that  they  know  of  no  training 
system  that  can  be  satisfactorily  operated  in  their  plants;  and  as 
questions  are  sure  to  be  asked  about  the  method  of  introducing  this 
system,  a  few  words  on  that  subject  may  not  be  amiss,  it  being  borne 
in  mind  that  the  changing  of  a  system  of  management  is  a  very  serious 
maiierf  and  cannot  be  done  by  a  bu^y  superintendent  in  his  spare  time. 

METHOD  OF  INTEODUCTlON 

48  In  order  to  set  tasks  we  must  know  beforehand  what  work  is  to 
be  done  and  who  is  to  do  it.  In  order  to  pay  a  bonus,  w^e  must  know 
after  the  work  is  done  whether  it  was  done  exactly  as  specified.  Hence 
our  first  care  in  starting  to  introduce  this  method  is  to  provide  means 
for  assigning  tasks  to  the  workmen^  and  means  for  obtaining  such  a 
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complete  set  of  returna  as  will  show  just  what  each  man  has  dona 
When  this  much  haa  been  introduced,  the  output  of  a  plant  is  alwuya 
increased  and  the  co^t  of  manufacture  reduced, 

49  The  next  step  is  to  separate  such  of  the  work  as  is  standard^ 
or  can  be  readily  made  standard^  from  the  more  misceliane<>UB  work^ 
and  set  tasks  for  the  standard  worL  Then  we  begin  to  standardise, 
and  as  fast  as  possible  reduce  the  expert  and  increase  the  routine 
work.  The  efifort  to  classify  and  standardize  expert  knowledge  is 
most  helpful  to  the  experts  theniselves,  and  in  a  short  time  they 
begin  to  realize  that  they  can  use  their  knowledge  far  more  efficiently 
than  they  ever  dreamed* 

50  As  soon  as  work  has  been  standardized,  it  can  be  ittteiligeutly 
planned  and  scheduled,  each  workman  being  given  his  specific  task, 
for  which  he  is  paid  a  bonus  when  it  is  clone  in  the  manner  and  time 
gpecified*  As  bonus  is  paid  only  on  the  written  statement  of  the 
inspector  that  the  whole  task  lias  been  properly  done^  failure  to  earn 
a  bonus  indicates  that  our  plans  have  not  been  carried  out* 

51  An  investigation  of  every  case  of  lost  bonus  keeps  the  manage- 
ment closely  in  touch  with  the  progress  of  the  work,  and  as  the  work- 
men are  ever  ready  to  help  disclose  and  remove  the  obstacles  that 
prevent  their  earning  their  bonus,  the  managing  problem  is  greatly 
simplified;  for,  as  one  of  my  co-workers  has  very  aptly  put  it,  *'thejruh 
Honal  lag  due  lo  the  inertia  of  the  workman  is  changed  by  (he  bonus  inlo 
an  acceleration  J' 

52  With  increase  in  the  number  of  bonus  workers,  this  foroe  of 
acceleration  increases,  and  not  only  does  the  careless  worker,  who  by 
his  bad  work  prevents  some  other  from  earning  his  bonus,  fall  into 
disfavor,  but  the  foreman  or  superintendent  who  is  lax  in  his  duty 
finds  his  short-comings  constantly  brought  before  him  by  the  man 
whose  duty  it  is  to  investigate  all  cases  of  lost  bonus, 

MORAL  TKAININQ 

53  The  fact  that  under  this  system,  everybody,  high  and  low, 
18  forced  by  his  co-workers  to  do  his  duty^  for  some  one  else  alwayt 
suffers  when  he  fails,  acts  as  a  strong  moral  tonic  to  the  community, 
and  many  whose  ideas  of  truth  and  honesty  are  vague  find  habits  of  ■ 
truth  and  honesty  forced  upon  them.  This  is  the  case  with  those  in 
high  authority  as  well  as  those  in  humble  positions,  and  the  nian 
highest  in  authority  finds  that  he  also  must  conform  to  laws^  if  he 
wiaheis  the  proper  cooperation  of  those  under  him* 
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DISCUSSION 


Dh.  Alex,  C,  Humphreys  expressed  the  opinion  that  if  this  svst4*m 
were  genemUy  introduced  throughout  the  United  Sttite^,  the  result- 
ing moral  uplift  would  attract  more  attention  than  the  increase  of 
dividend-inirning  capacity.     He  said  in  part: 

2  Mr  Gantt  referp-?  to  the  complaint  a^  to  the  growing  inefficiency  of 
labor.  The  complaint  is  well  founded,  but  certainly  the  responsibility 
cannot  rest  upon  the  working  class  alone.  What  has  been  done  to 
me^^t  the  demand  for  trained  workers  in  connection  with  the  raditail 
changes  introduced  into  our  industiies  since  the  days  of  the  ohl 
apprentice  system?  Some  well-directed  and  successful  but  isolated 
schemes  have  been  inaugurated.  Considerable  attention  is  being 
paid  to  industrial  education,  and  the  methods  of  the  author  shouhl 
receive  careful  attention  in  this  connection  as  a  substitute  for  the  old 
apprentice  system, 

3  Mr.Gantt  refers]  to  a  force  not  sufficiently  recognized,  which  tends 
to  encourage  the  worker  to  acquire  greater  efficiency  and  capacity 
as  an  earner,  that  of  the  pleasure  and  pride  experienced  by  the  per- 
former in  work  well  done.     This  is  a  force  we  cannot  afford  to  ignore, 

4  Our  youths  are  not  sufficiently  taught  the  all-important  lesson 
of  obedience.  We  may  well  welcome  any  system  which  promises 
systematically  to  teach  obedience  to  the  employee  while  keeping  the 
employer  satisfactorily  raniinded  that  fair  play  is  the  price  of  loyal 
and  efficient  service, 

5  Mr,  Gantt  advocates  teaching  theworkmen  at  the  aame  time  Aatf? 
and  to  do.  A  more  valuable  lesson  could  not  be  taught  in  a  country 
where  the  people  aim  to  govern  themselves, 

Mr,  H,  V,  R.  ScHEEL*  This  paper  contains  many  statements  which 
must  seem  to  the  practical  man  and  the  engineer  but  expressions  of 
what  has  been  known  for  a  long  time,  although  perhaps  not  fully 
realized.  Many  of  them  are  almost  axiomatic*  I  think  no  one  can 
doubt  that  such  a  system  of  management  must  result  in  the  greater 
efficiency  of  workmen,  individually  and  collectively,  and  in  the 
greater  cooperation  of  workmen,  foremen  and  managGrs*  with  the 
attendant  economies. 

*The  Btighton  Milb,  Pa»iaic,  N,  J. 

[HscussioDa  on  this  paper  arc  here  giveD  b  abgtruct  only.  They  weru  pub- 
lUhud  iu  full  in  the  February  1909  issue  of  The  Jounaal, 
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2  Under  this  system  aJI  the  men  are  pushers  to  the  limits  set  by 
the  men  responsible  for  quality.  The  gang  bosses  and  foremen  who 
were  formerly  drivers  are  now  principalJy  engird  in  planning  work 
and  in  handling  extraordinary  difficulties.  Those  of  us  who  have 
seen  these  principles  and  methods  in  operation  can  testify  to  the 
correctness  of  the  statements.  We  have  seen  men  working  no 
harder  than  before,  but  having  been  taught  proper  methods,  accom- 
plish results  which  make  bonuses  of  50  per  cent  on  the  former  wages 
profitable  for  the  owners.  We  have  seen  workmen^  who  without  a 
trade  have  come  to  be  considered  and  to  consider  themselves  skilled 
workmen  in  a  class  as  high  as  the  trained  mechanic.  We  have  seen 
the  removal  of  room  mechanics,  foremen,  and  even  superintendents, 
when  the  workmen  could  no  longer  afford  to  permit  the  mistakes  and 
neglects  of  these  superiors  to  pass  without  protest. 

Mr.  T,  F.  Kelly'  Mr,  Gantt's  paper  aeems  to  me  far  too  mild  in 
its  statements.  My  experience  with  the  system  for  the  last  two  yeara 
has  been  that  every  man  in  the  plant,  whatever  his  authority,  has  a 
specific  job,  and  will  get  into  trouble  if  he  lays  down  on  it-  Under  this 
system  every  employee  becomes  also  an  inspector,  and  for  fear  of 
losing  his  bonus  protests  vigorously  against  accepting  material  on 
which  he  has  to  work,  unless  both  the  material  and  former  w^ork  are  up 
to  the  standard  for  quality.  It  takes  only  a  few  touches  on  his 
pocketbook  to  make  Mr,  Jones  a  first-class  critic  on  Mr,  Brown;  in 
other  words,  300  employees  means  300  inspectors, 

2  The  macliinery  must  also  be  in  first-class  condition  for  operators 
to  make  their  bonus.  The  **good  enough"  machinist  cannot  live 
under  this  system,  as  he  not  only  loses  his  own  bonuSj  but  causes  the 
gang-boss  and  the  operator  to  lose  theirs.  These  all  act  like  a  tonic  on 
our  Mr,  Machinist,  to  do  a  good,  quick  job,  or  he  soon  finds  out  he  is 
not  the  man, 

3  The  introduction  of  the  bonus  ff^stem  is  followed  by  a  ntfW 
feeling  of^pride,  and  the  threat  to' move  workmen  from  machines  on 
bonus  to  machines  not  on  bonus  is  more  effective  than  the  threat  to 
lay  off  or  discharge* 

4  The  operators  in  our  factory  formerly  measured  their  work  to 
the  clock;  they  now  measure  it  to  the  task,  and  former  shirkers  are 
now  among  the  most  aealous  of  our  employees, 

Dk.  Rudolf  Roesler*  called  attention  to  the  fact  that  In  Eurcrpe 
» The  Brighton  Mills,  Faaaaic,  N,  J. 
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the  greatest  interest  exists  in  the  new  ideas  of  economical  organiza- 
tion and  management  in  workshops*  among  which  are  those  of  Mr* 
Fred.  W,  Taylor*  One  important  consideration  is  the  behef  that 
the  new  principles  can  help  to  weaken  the  ca^us  bdli  for  the  struggle 
between  capital  and  labor,  to  weaken  the  reasons  for  existence  in  con- 
tinental Europe  of  Social  Democrats  and  in  America  of  Labor  Unions, 
and  to  unite  the  workman  and  his  employer  by  making  their  interests 
common.  He  mentioned  the  following  to  illustrate  the  general 
interest: 

2  Der  Verein  deutscher  Ingenieure  has  resolTed  by  almost  unani- 
mous  vote  of  its  branch  societies  to  give  a  place  to  such  questions 
in  the  Zeitschrift,  and  a  number  of  scientific  practical  men  have 
promised  to  support  this  movement* 

3  The  tool  machine  works  of  Mr.  Ludwig  Loewe  in  Berlin  is  con- 
sidered one  of  the  best  organisted  and  managed  factories  of  this  kind. 
As  much  as  is  compatible  with  the  German  conditions  this  concern  has 
been  the  first  to  take  up  the  ideas  which  Mr.  Gantt  has  explained.  The 
book  concerning  the  organization  of  the  Ludwig  Loewe  Company  by 
Mr.  Lilieuthal  has  proved  the  general  interest  by  its  wide  circulation. 

4  At  the  Technische  Hochschule  of  Berlin  in  Charlottenburg  there 
is  a  chair  of  Organisation  and  Management,  founded,  I  think,  in  1904, 
where  these  principles  are  taught.  According  to  the  rules  formed 
by  the  Prussian  government  and  the  Technische  Hochschule,  gradu- 
ates in  mechanical  engineering,  and  I  think  also  in  civil  and  elect- 
rical engineering,  must  take  examinations  in  those  two  subjects. 
Thus  every  year  as  many  as  1000  engineers  go  into  the  world  with  a 
knowledge  of  these  principles. 

Mr,  H,  K.  Hathaway  The  writer  beheves  it  possible  under  the 
Taylor  system  to  turn  out  a  hrst-class  mechanic  in  about  one-half  the 
time  taken  under  the  old  system  of  apprenticeship;  an  opinion  borne 
out  by  results  in  a  machine  shop  operated  under  the  Taylor  system 
with  which  he  is  connected.  In  this  shop  a  number  of  young  men, 
who  came  to  us  without  previous  experience  at  the  machine  trade, 
within  a  year  and  a  half  reached  a  point  where  they  were  capable  of 
turning  out  work  of  excellent  quality  on  any  of  the  macliines'in  the 
shop,  and  doing  it  in  the  time  set  by  the  planning  department 

2  One  thing  to  which  the  writer  hopes  Mr.  Gantt's  paper  may  lead 
is  the  adoption  by  the  trades  schools  of  the  methods  advocated. 
Most  trades  schools  pay  very  little  attention,  if  any,  to  the  time  taken 
by  their  students  for  performing  the  various  exercises  or  tasks  forming 
their  course.    Too  often  they  have  not  nearly  enough  instructors^  and 
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boys  waste  a  great  deal  of  time  trying  to  figure  out  how  to  do  the 
varioua  jobs;  furthermore  ttey  iiave  no  conception  of  the  feedii  and 
speeds  and  depth  of  cuts  that  should  be  used  in  doing  work  in 
machine  tools* 

3  An  instruction  card  prepared  for  each  piece  of  work,  ahowing 
the  manner  in  which  it  should  be  set  in  the  machine  and  explaining 
the  varioua  steps  of  the  operation  in  their  proper  sequence  anri  ths 
tools  to  be  uBed,  would  not  only  make  it  easier  for  the  instructor  but 
would  enable  the  student  to  learn  at  once  the  best  method,  instead  of 
using  a  method  of  his  own  with  no  foundation  in  expenence.  If  proper 
instructions  and  toola  were  furnished,  and  themachine  and  belts  kept 
in  good  working  order,  a  definite  time  could  be  placed  on  the  job,  and 
the  student  made  to  acquire  habits  of  industry, 

4  The  greatest  value  of  the  system  of  training  outlined  in  Mr 
Gantt's  paper  lies  in  the  fact  that  in  busy  times,  when  sldJJed  work- 
men are  unavailable,  it  is  possible  to  train  inexperienced  men,  who 
are  intelligent  and  ambitious,  to  turn  out  good  work  rapidly.  The 
writer  has  seen  an  absolutely  green  man  trained  under  this  system 
so  that  in  less  than  a  month  he  was  capable  of  turning  out  work  on  a 
drill- press  m  satisfactorily  as  an  old  hand;  of  course  during  this  time 
the  '* gang-boae/'  "speed-boss,'*  and  ''inspector"  were  almost  con- 
stantly with  liim  helping  and  instructing  him.  After  a  workman  has 
learned  to  run  a  drill-press  successfully,  he  can  be  trained  in  about  the 
same  time  to  run  a  milling  machine,  lathe  or  planer, 

5  One  of  the  best  examples  of  the  efficiency  of  this  system  of 
training  workmen,  is  the  results  achieved  with  young  coUege  students 
taken  on  after  their  freshman  or  junior  year,  in  the  shops  with  wWeb 
the  writer  is  connected.  After  their  year  in  the  shop  they  return  W) 
coUege  and  complete  their  course.  One  object  of  this  plan  is  to  train 
them  in  habits  of  industry,  and  thia  object  is  most  successfully 
accomplished, 

6  That  the  Taylor  system  is  a  system  whose  success  is  due  to 
teaching  and  helping  the  workman,  should  be  brought  out  more 
prominently.  In  the  first  place,  his  proper  tools,  in  first  class  condi- 
tion, are  provided,  and  his  machine  and  belts  are  kept  in  good  repair* 
Secondly,  the  gang-boss  mu^t  show  him  how  to  set  his  work  up 
quickly  and  in  the  b*ist  way,  and  not  only  tell  him,  but  dcmonstritc 


Digitized  by  VjOOQIC 


TBMlfING    WORKMEN  1053 

it-  The  inspector  must  not  only  detect  defects  in  his  work,  but  must 
explain,  when  the  workman  starts  on  a  job,  the  drawings,  the  degree 
of  accuracy  J  and  the  kind  of  finish  required.  The  speed-boss  instructs 
him  in  the  actual  operation  of  his  machine,  and  the  setting  of  hia  tools, 
feeds,  speeds  and  depth  of  cuts,  and  is  prepared  to  help  him  if  neces- 
sary by  actual  demonstration, 

7  Under  thia  system  a  workman  can  turn  out  from  two  to  four 
times  as  much  work,  as  bis  efforts  are  not  largely  consumed  in  finding 
out  what  he  is  to  do,  devising  ways  to  do  it  and  struggling  against 
discouraging  adverse  conditions  over  wluch  he  has  no  control- 

Mb.  Charles  Piez  The  bonus  system  of  rewarding  labor,  which 
Mr.  Gantt  describes  in  his  paper,  can  hardly  in  itself  be  considered  a 
system  of  instruction,  and  is,  in  fact,  no  more  an  instrument  to  this  end 
than  any  of  the  well  known  schemes  of  compensating  workmen*  It 
is  through  the  methods  Mr.  Gantt  employs  that  hia  work  becomes  a 
most  effective  means  for  training  workmen  in  habits  of  industry  and 
cooperation.  What  appeals  to  me  most  in  Mr*  Gantt's  presenta- 
tion is  its  distinctly  human  tone;  the  spirit  of  helpfulness  toward 
the  worker  which  it  evinces. 

2  Mr.  Gantt  recognises  the  fact  that  reorganization  often  means 
only  a  change  of  mental  attitude,  and  that  it  can,  therefore,  be  best 
accomplished  by  persuasion  and  example.  Then,  too,  while  estab- 
lishing fixed  methods  of  performing  tasks,  he  allows  ample  oppor- 
tunity for  initiative  on  the  part  of  the  worker;  in  fact,  he  stimulates 
and  directs  it, 

3  In  these  days  when  systematizing  of  industrial  establishments 
has  become  a  recognized  specialty  in  the  mechanical  world,  a  few 
thoughts  suggested  by  Mr.  Gantt's  paper  may  not  be  amisa, 

4  There  is  abroad  today  a  great  deal  of  what  might  be  termed 
system  idolatry,  which  manifests  itself  in  the  belief  that  system 
produces  output,  when,  as  a  matter  of  fact,  it  simply  indicates  the 
lines  along  which  maximum  output  can  be  attained;  and  because  of 
this  erroneous  conception,  the  system  assumes  the  rigidity  of  a  creed, 
and  the  various  printed  forms  of  which  it  makes  use  are  invested  with 
ft  sanctity  that  is  intended  to  place  them  beyond  the  reach  of  sugges- 
tion or  criticism,  whereas  they  are  frequently  modified  without  any 
departure  being  made  from  the  underlying  principles, 

5  The  adaptability  of  an  already  existing  organization,  from 
which  the  material  for  carrying  out  a  system  must  be  drawn,  the 
peculiarities  of  the  product,  and  the  demands  of  the  customer  must 
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be  given  full  consideration.  If  the  system  is  considered  the  important 
thing,  and  organization,  product  and  customer  must  bend  to  its  line^, 
is  it  any  wonder  that  attempts  at  systematizing  a  plant  may  fail  to 
result  in  the  full  economies  promised?  And  they  fail,  not  because  the 
system  is  inherently  wrong,  but  becauee  of  the  fanaticism  of  the 
enthtisiast  applying  it.  Tact  and  good  judgment  must  be  supplied  by 
the  Lntrodocer  or  receiver  of  the  system* 

6  I  am  a  firm  believer  in  the  efficacy  of  shop  system ,  for  in  its 
essence  it  implies  the  production  of  work  along  lines  of  least  re-sistanoe 
and  greatest  economy.  But  direct  lines  are  not  always  the  lines  of 
least  resistance,  particularly  when  they  run  coimter  to  peculiarities  of 
ability  or  temperament  in  an  other^^ise  efficient  organization.  It 
seems  unnecessary  to  compel  an  organization  to  conform  to  a  system 
chart,  because  it  is  much  simpler  and  more  effective  to  make  the 
chart  conform  to  the  abilities  of  the  individuals  composing  the  organi- 
zation. 

7  The  first  step,  even  in  the  mildest  form  of  reorganizatioo,  is  ft 
partial  disruption  of  the  existing  organization,  and  great  care  and  tact 
must  be  exercised,  lest  in  the  rebuildingj  discontent  and  discord  creep 
in.  The  line  l>etween  profit  and  loss  in  most  establishments  is  so  fi^oe 
that  even  a  single  element  of  discord  can  destroy  that  intangible, 
profit-making  quality,  known  b&  team  spirit*  It  is  on  this  account 
that  my  interest  lies^  not  so  much  in  this  system  or  that,  as  in  the 
personality  and  methods  of  the  men  applying  it. 

Mn.  a  N.  LkiJER  It  has  been  the  writer's  experience  that  the  b«t 
results,  after  a  definite  plan  has  been  laid  out,  are  obtained  if  the  spirii 
of  cooperation  can  be  engendered.  The  manager  who  depends 
entirely  upon  his  own  ability  to  drive  his  employee  is  bound  to  fail 
by  just  so  much  as  the  employee  holds  in  reserve  against  contingencies 
which  he  feels  may  arise  through  the  whim  of  the  manager.  It  ia  the 
spirit  of  helpfulness  which  runs  all  through  Mr.  Gantt's  paper  that 
especially  prompts  the  writer  to  pronounce  it  well  worthy  of  sariouB 
consideration. 

Mb,  Lsiwis  Sanders^  cited  indi\idual  cases  whei'e  study  of  the 
methods  of  doing  a  piece  of  work  resulted  in  a  marked  reduction  of 
time  and  tliis  often  in  classes  of  work  where  saving  would  not  be 
expected;  for  example,  in  reading  thermometers.  He  recalled  a  lest 
where  there  were  twelve  thermometers  to  be  read  once  ev^ry  two 
minutes  and  the  observer  never  succeeded  in  reading  more  thflo 

*  With  General  Engineering  Co.,  New  York, 
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eight  and  was  oe  the  go  continually.  He  took  the  observer's  records 
and  tried  to  see  what  could  be  done.  The  first  few  readingia  he  got 
no  more  than  did  the  observer,  but  by  studying  just  where  to  stand 
so  as  to  gt*t  the  light  nnobstructed  and  not  be  obliged  to  shift  his 
pofiiition^  he  was  in  a  short  time  able  to  read  all  the  thermometers 
in  1  min.  50  sec.     He  further  said: 

2  At  Schenectady  I  have  seen  a  2000-kw.  vertical  turbine  used  for 
experimental  work,  completely  dismantled  and  a  new  set  of  wheels 
put  in,  and  the  machine  re-erected  and  running  within  24  hours  from 
the  time  steam  had  been  shut  off.  This  was  done  by  two  machinists 
and  a  cranesman.  I  am  informed  that  the  men  have  now  become  so 
expert  that  they  do  it  in  twelve  hours, 

3  A  factory  in  which  I  am  interested  bid  on  turning  out  a  certain 
small  piece  of  work  in  quantity.  We  made  a  detail  study  of  every 
fractional  operation  involved  and  made  our  bid  on  our  estimates. 
It  was  so  low  that  it  was  returned  to  us  with  a  request  to  revise  it,  as 
the  customer  was  sure  it  was  leas  than  the  labor  and  material  cost- 
The  customer  had  already  made  80  000  pieces.  We  had  sufficient 
confidence  in  our  figures  to  insist  on  their  acceptance  as  they  stood. 
The  customer  waa  never  convinced  that  we  did  not  lose  money 
although  we  made  44  per  cent  profit.  But  he  had  never  been  com- 
pelled to  analy^  every  single  step  in  turning  out  Ihe  goods,  to  find 
out  what  the  cost  should  be.  He  had  merely  made  some  and  knew 
what  they  did  cost*  We  should  probably  have  done  the  same  if  we 
had  not  been  compelled  to  make  the  analysis-  One  of  the  operations 
on  this  job  was  the  setting  of  the  piece  in  a  jig,  the  man  who  was  put 
on  it  taking  regularly  1  min.  40  eec-  After  a  stud}'  of  the  exact 
motions  required  to  pick  the  piece  up  and  set  it  accurately  we  showed 
the  same  man  how  to  do  it  in  20  sec. 

4  In  speeding  up  a  shop  a  distinction  should  be  sharply  drawn 
between  work  done  at  high  speed  and  work  done  in  a  huiTy;  the 
first  will  ^ve  perfect  goods  becaui«e  the  speed  is  attained  by  elim- 
ination of  all  the  unnecessary  motions,  the  latter  bad  work  because  it 
is  a  speeding  up  of  all  the  operatious,  necessary  and  unnecessary. 
High  speed  work  also  involves  less  labor  on  the  part  of  the  employee, 
than  slow  speed  work.  The  man  who  could  read  only  eight  ther- 
mometers was  going  all  the  time;  but  there  was  10  sec-  to  rest  when 
reading  twelve, 

5  There  is  no  question  but  that  it  requires  a  considerable  knowl- 
edge of  men  to  introduce  successfully  such  a  system  as  Mr.  Gantt 
advocates;  the  theory  might  be  followed  out  exactly,  and  the  whole 
system  be  wrecked  by  lack  of  common  sense  and  a  little  knowledge 
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of  human  nature.  One  obstacle  to  securing  high-speed  work  is  the 
suspicion  of  the  men  that  rates  will  be  cut  if  they  show  that  they 
are  able  to  earn  more  than  a  certain  sum  per  week;  and  they  have 
been  given  ample  grounds  for  this.  On  this  account  the  time  det^- 
mined  by  expert  analysis  is  the  only  reliable  standard  as  the  men  will 
go  as  slow  as  they  dare. 

6  While  quite  true  that  there  is  a  maximum  wage  that  we  can 
a£Ford  to  pay,  it  is  also  true  that  an  agreement  with  a  workman 
should  be  lived  up  to  as  strictly  as  a  contract  with  a  customer.  We 
have  to  fulfil  our  contracts  even  if  we  have  made  an  error  and  find 
them  unprofitable;  the  same  should  be  done  with  the  workman  when 
we  find  that  we  have  set  too  easy  a  task.  Tasks  set  should  therefore 
hold  for  a  definite  period,  say  a  year,  unless  a  change  in  method  is 
made.  Before  the  task  is  set  it  should  be  the  subject  of  accurate 
investigation  to  determine  the  minimum  time  possible.  If  the  task 
set  proves  too  severe  it  must  be  corrected  at  once,  as  the  workman  is 
not  a  party  to  the  setting  of  the  tasks. 

Mr.  J.  C.  JuRGENSEN  Mr.  Gantt's  methods  are  based  on  a  concrete 
knowledge  of  the  human  element,  which  is  sure  to  result  in  fair  deal- 
ing to  both  men  and  employers. 

2  I  feel  justified  in  speaking  on  this  subject,  since  for  more  than 
five  years  I  have  used  a  sort  of  apprentice  system  for  producing  reli- 
able and  efiicient  help  for  the  operation  of  power  plants.  Although 
the  conditions  in  an  engine  room  differ  very  widely  from  those  in 
a  shop  or  factory,  yet  the  same  principle  holds,  that  men  who  can 
make  good  must  be  trained.  When  this  is  once  fully  realized,  every 
shop  and  plant  owner  will  took  more  favorably  at  the  idea  of  maintain- 
ing a  training  course  for  his  men,  as  a  part  of  his  routine  business. 

3  The  leader  must  make  his  men  understand  that  it  is  one  of 
two  things:  advance,  or  make  room  for  a  better  man;  and  induce- 
ments for  compelling  a  man  to  see  it  in  that  light,  such  as  a  nine-hour 
work-day,  reasonable  wages,  provision  for  advancement,  etc.,  must 
be  present.  It  is  a  question  of  setting  right  both  the  employer's 
mind  and  the  workman's  job,  and  the  Golden  Rule  must  be  applied 
before  success  is  possible.  As  a  general  rule,  it  is  necessary  to  hold 
out  material  inducements  for  acquiring  better  skill  and  eflBciency. 
Mth  some,  but  not  with  many,  ambition  and  the  right  temperament 
will  bring  this  about. 

4  To  secure  safety  and  economy  in  an  engine  room,  the  men 
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must  become  willing  workers  and  must  take  pride  in  the  engineer's 
department.  To  reach  this  point,  a  man  must  feel  that  his  position 
is  secure,  with  a  good  record,  and  that  advancement  and  benefit  are 
certain  to  follow;  on  the  other  hand,  that  a  continued  bad  record  will 
bring  discharge.  Advancement  according  to  seniority  is  all  right 
with  a  qualif3dng  clause — ^instead  of  giving  preference  to  the  oldest 
man  in  the  service,  make  it  the  oldest  best  man. 

5  If  opportunity  for  material  advancement  is  not  present  when  a 
man  has  gained  his  apprenticeship  or  has  reached  the  highest  station 
possible,  we  find  a  new  job  for  him.  This  is  not  so  hard  as  it  would 
seem,  since  other  plants  are  generally  willing  to  take  him,  and  this 
provides  a  further  chance  for  advancing  the  members  of  the  depart- 
ment. Success  along  this  line  cannot  be  had  without  cooperation, 
and  this  we  obtain  mainly  through  a  system  of  rules,  and  an 
organized  school  of  instruction  in  which  the  chief  en^neer  is  the 
chief  instructor,  and  each  man  in  charge  of  a  section,  an  assistant 
instructor  in  that  section  of  work. 

6  In  the  fire  room,  the  men  are  ptdd  a  good  salary  for  producing 
one  boiler  horse  power  for  a  certain  amount  of  coal  containing  a 
certain  per  cent  of  ash:  10  per  cent  of  the  value  saved  over  this 
standard  goes  to  the  fireman  as  a  cash  bonus  each  month;  on  the  other 
hand  whatever  is  lost,  according  to  the  standard,  is  deducted  from 
that  man's  monthly  saving.  The  head  fireman  receives  a  sum  equal 
to  half  the  bonus  of  each  fireman — he  is  therefore  vitally  interested 
in  having  each  man  do  as  well  as  possible.  If  a  fireman  cannot  make 
a  bonus,  his  job  is  not  secure. 

7  The  coal  passers  also  receive,  divided  equally  between  the 
three  shifts,  a  sum  equal  to  half  the  bonus  of  each  fireman — they  are 
therefore  much  interested  to  see  that  all  the  firemen  "  make  good," 
and  yet  there  is  no  motive  for  collusion  between  the  men.  It  is  soon 
shown  that  the  best  policy  for  both  the  company  and  the  men  is  a 
continued  effort  to  make  the  bonus  as  large  as  possible.  All  the  men 
in  the  department  are  thus  taught  to  follow  both  daily  and  monthly 
standards  in  work  and  expenses. 

8  To  illustrate  the  scope  of  our  Engineering  Department  Train- 
ing School,  which  is  apart  of  the  Men's  Relief  and  Educational  Society, 
I  will  mention  the  objects  of  the  Society,  as  stated  in  our  by-laws: 

Section  1  The  objects  of  this  Society  shall  be  the  raising  of  funds  to  provide 
a  weekly  relief  income  to  members  in  good  standing  during  illness  or  accident  and 
such  other  relief  as  may  be  deemed  advisable,  and  to  assist  in  defraying  burial 
expenses  of  a  deceased  member;  also,  to  defray  the  expenses  incurred  in  carrying 
on  the  training  course  which  constitutes  the  Educational  Branch  of  this  Society. 
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Section  2  As  a  further  relief ,  members  who  are  in  good  standing  may  apply  to 
the  Society  for  loans,  not  to  exceed  10  days  pay  of  such  members'  monthly  salary. 
Loan  to  be  paid  back  in  four  successive  and  equal^monthlyinstallmaits,plus  one 
cent  per  dollar  per  month,  on  amount  due  to  ^e  Society. 

Sections  The  object  of  the  educational  course  is  to  give  such  practical  instruc- 
tion and  example  as  will  further  a  spirit  of  manhood  and  induce  the  members 
of  the  Department  to  become  self-reliant,  observing  and  manly  men.  Training 
such  men  to  become  safe  and  conscientious  workmen,  worthy  to  receive  the  Com- 
pany's Certificate  of  Merit  for  two  years  service. 

Section  4  To  ambitious  holders  of  the  Certificate  of  Merit,  the  training  course 
will  endeavor  to  supply  the  technical  information  most  needed  to  make  such 
workmoi  qualify  as  atSe  and  efficient  Operating  Steam  Engineers,  worthy  to 
receive  the  Company's  Operating  Steam  Engineers'  Apprenticeship  Certificate 
for  five  years  service. 

Mr.  Wilus  E.  Hall  raised  the  question  as  to  why  the  task  system 
of  itself  promises  better  results  [than  piece-work.  The  term  piece 
work  is  here  intended  in  its  broadest  sense,  to  include  all  methods 
of  compensation  based  on  the  amount  of  work  done.  It  therefore 
includes  such  modifications  designated  as  the  bonus,  premium, 
differential,  profit-sharing,  gain-sharing,  etc.  On  the  contrary  the 
task  system  seems  to  eliminate  day  work||only  partially.  For  instance 
if  the  employee  can  not  do  the  work  within  the  time  set  for  the  task 
he  receives  no  additional  compensation  and  his  day  rate  prevails. 
Assume,  then,  that  the  delinquent  is  replaced  by  one  who  can  meet 
the  task  (and  the  task  system  has  no  monopoly  of  procedure  in  this 
respect,  as  the  same  degree  of  vigilance  should  be  exercised  with  any 
system),  until  the  plant  has,  finally,  the  very  best  set  of  men  obtain- 
able; and  further  that  the  men  are  instructed  to  the  highest  degree 
of  efficiency  (and  here  again  the  task  method  does  not  possess 
excl  usi ve  privileges) .  It  is  imnecessary  to  substantiate  the  statement 
that  there  will  still  be  a  vast  difference  between  the  most  efficient 
and  the  least  efficient  of  the  force. 

2  How  then  will  you  set  the  task?  If  it  is  set  so  that  but  a  limited 
number,  say  66  per  cent  can  meet  it,  then  the  remaining  36  per  cent 
must  be  eliminated  from  the  rewards.  The  answer  may  be  that 
this  remaining  35  per  cent  will  have  the  day  rate  adjusted  according 
to  their  relative  efficiency.  To  that  extent  the  task  is  not  better 
than  the  day-rate  system.  The  other  alternative  is  to  set  a  task 
that  the  least  efficient  can  meet,  but  neither  is  this  fair  to  the  em- 
ployer nor  would  it  promote  efficiency  in  the  employee.  In*  short, 
with  the  task  system  proposed  men  must  be  practically  equal  in  effici- 
ency or  it  is  only  a  partial  eliminator  of  day  work.    Unavoidable  rul- 
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ing  conditions  due  to  the  unequal  efficiency  of  men,  instructed  or 
otherwise,  seem  to  prevent  this  from  being  other  than  a  partial  day- 
work  syBtem  for  producers.  However,  this  is  of  minor  importance 
in  comparison  with  the  other  feature  in  Mr.  Gantt's  paper,  the  use 
of  an  instructor. 

3  For  greater  productive  efficiency,  to  the  mutual  benefit  of 
employer  and  employee,  the  use  of  an  instructor,  combined  with  the 
intelligent  piece-work  pricensetting  described  by  Mr.  Taylor  (Vol.  14 
of  Transactions),  seems  full  of  promise.  That  the  use  of  an  instructor 
establishes  "habits  of  industry '^  of  which  Mr.  Gantt  speaks,  must 
not  be  misconstrued.  There  is  quite  a  difference,  with  apology 
for  the  terms,  between  the  "sweating  process"  and  "farming  the 
work;"  both  extremes  are  equally  demoralizing.  It  is  the  medium 
position  that  is  always  most  difficult  to  assume  at  first  and  the  one 
that  is  most  desirable.  It  is  only  by  accident  it  is  reached  by  the 
haphazard  method  of  establishing  piece-work  rates  at  present 
so  generally  used,  which  usually  results  in  one  or  the  other  of  the  two 
extremes,  until  the  price,  after  many  adjustments,  is  about  where 
it  should  have  been  originally.  Intelligent  setting  of  piece-work 
rates  or  task  limits  with  an  instructor  eliminate  the  more  flagrant 
abuses  of  the  system.     In  concluding  he  said  in  part: 

4  A  feature  that  should  be  made  a  part  of  the  duties  of  the 
instructing  and  piece-setting  department  is  that  of  time-check- 
ing, where  either  the  piece-work  or  the  task  sjrstem  is  in  vogue. 
For  instance  a  producer  spends  actually  7^  hours  on  piece-work  but 
has  been  in  the  shop  some  10  hours  in  all.  There  is  a  loss  "for 
good  and  all"  of  2^  hours  of  productive  time.  In  other  words,  what 
percentage  of  the  producer's  time  is  lost  in  this  way,  and  why?  Is 
it  not  safe  to  say  that  most  of  the  establishments  using  piece-work 
ignore  this  point?  In  one  instance  where  the  tonnage  of  a  plant  was 
increased  more  than  90  per  cent  over  what  was  formerly,  at  least, 
normal  tonnage,  about  30  per  cent  of  this  increase  was  due  to  the 
elimination  of  the  annoying  and  demoralizing  delay  known  as  "  wait- 
ing for  work."  And  yet  this  delay  was  previously  not  over-con- 
spicuous and  its  magnitude  was  not  appreciated  imtil  it  was  elimin- 
ated.   There  was  practically  no  rate-cutting. 

Mb.  Harbington  Emebson  I  once  asked  Mr.  Ganttj  what  hap- 
pened in  case  one  of  the  workmen  whose  time  he  had  set  managed  to 
do  the  task  in  less  than  the  time  prescribed.  Mr.  Gantt  very  cheer- 
fully answered  that  in  that  case  the  workman  would  take  his  place  and 
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he  would  have  to  takethe»workman's  place.  Since  then  my  assistants 
and  I  have  had  to  standardize  over  100  000  different  jobs,  and  have 
never  been  able  to  realize  the  accuracy  which  Mr.  Gantt  claimed. 
The  reason  probably  is  that  Mr.  Gantt's  work  lay  along  standard 
lines,  working  on  standard  material,  in  standard  manner,  while  my 
work  lay  in  repair  shops,  working  on  unstandardized  material,  un- 
standardized  jobs  and  unstandardized  conditions.  In  such  matters  as 
locomotive  repairs  we  were  able  to  predetermine,  within  four  per  cent, 
both  time  and  cost  of  the  aggregate,  but  not  to  strike  the  exact  time 
of  the  jobs  that  entered  into  repairs. 

2  Nqw  Mr.  Gantt  comes  forward  with  this  paper,  and  we  have  a 
chorus  of  assent  to  the  statement  that  by  training  the  workmen  the 
problem  is  solved.  My  experience  has  been  that  this  is  not  at  all  the 
end  of  it.  It  is  easy  to  train  the  workman  in  habits  of  industry  and 
co5peration,  but  when  you  have  provided  a  method  for  training 
him,  you  have  not  touched  the  real  problem.  What  I  would  like 
from  Mr.  Gantt  is  a  paper  on  training  managers  in  habits  of  logical 
thought  and  co5peration. 

3  To  illustrate  the  enormous  practical  and  economical  importance 
of  this  question,  I  quote  the  figures  on  locomotive  repairs  per 
mile  on  four  out  of  the  five  trunk  lines  running  west  from  New  York, 
This  is  not  a  very  accurate  standard,  but  nevertheless  it  is  used. 
On  one  of  these,  44  mills  maintain  the  power  in  first-class  operating 
condition;  on  the  second  road,  the  cost  is  7  cents;  on  the  third 
road  12  cents;  and  on  the  fourth  road  over  16  cents.  This  fourth 
road  has  a  mileage  of  30  000  000  miles,  and  the  cost  is  over  12  cents 
more  than  on  the  first  road,  making  the  amount  of  money  lost  per 
year  $3  600  000.  Yet  this  road  has  good  grades  out  of  New  York, 
while  the  road  that  shows  the  lowest  cost  has  the  heaviest  grades. 

4  The  trouble  does  not  lie  with  the  workmen.  No  doubt  the 
workmen  are  wasteful,  no  doubt  they  have  not  been  fully  trained, 
but  the  trouble  lies  absolutely  in  the  managements  which  have  not 
yet  awakened  to  their  problems,  and  accept  enormous  wastes  as  in- 
evitable. 

Mr.  Milton  P.  Higgins  When  this  marvelous  proposition  was 
first  advanced  by  Mr.  Taylor,  I  looked  upon  it  as  a  departure  of 
very  great  promise,  and  I  have  not  been  disappointed  in  its  results. 
In  addition  to  considerations  of  shop  discipline,  eflficiency,  output, 
profits,  and  the  well-being  of  the  workmen,  as  a  means  of  education,  I 
believe  it  is  equally  important  and  efficient. 
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2  In  place  of  the  old  system  of  apprenticeship  we  have  now  the 
training  school,  the  apprentice  school,  the  trade  school;  but  the  shop 
which  trains  its  apprentices  to  the  best  advantage  to  meet  modern 
requirements  has  within  it  a  trade  school.  That  is,  the  task,  intelli- 
gent analysis  of  methods,  and  the  bonus,  are  most  effective  elements 
of  disciplinary  education,  not  only  important  as  developing  skill  and 
efficiency,  but  developing  intellectual  capacity  and  manly  character. 
I  believe  that  the  training  given  in  the  shop  through  these  methods 
may  be  as  good  as  any  line  of  mental  and  intellectual  discipline 
that  can  be  offered  in  a  university. 

3  In  regard  to  the  suggestion  Mr.  Emerson  made,  of  training 
managers  and  superintendents,  if  we  wisely  and  faithfully  train  the 
skilled  workmen,  are  we  not  training  the  managers?  If  we  want 
large  trees  in  the  forests,  had  we  not  better  give  our  attention  to  the 
nursery? 

Prof.  Wm.  Kent  At  the  meeting  in  Detroit  in  1895,  when  Mr. 
.Taylor  made  an  address  upon  a  subject  similar  to  this,  he  met  with 
unanimous  dissent  from  the  older  men;  and  I  got  up  in  tfiat  meeting 
and  said  that  a  man  over  fifty  years  of  age  could  not  be  expected  to 
appreciate  Mr.  Taylor's  paper,  and  that  the  revolution  in  the  industry 
that  was  to  follow  from  Mr.  Taylor's  plan  was  to  come  from  the  work 
of  such  younger  men  as  Mr.  Gantt.  I  am  glad  to  see  that  Mr.  Gantt 
has  verified  my  expectations. 

2  The  hopeful. thing  about  this  paper,  which  I  regard  as  the  most 
important  that  has  ever  appeared  in  the  Transactions  of  the  Society, 
is  that  it  is  in  harmony  with  humanitarian  ideas.  I  am  glad  to  see 
this  sentiment  throughout  the  Society.  There  would  be  more  of  it 
if  more  of  our  mechanical  engineers  would  go  into  shops,  instead  of 
into  power  plants  and  drafting  offices. 

3  The  trouble  with  the  managers  has  been  mental  inertia.  Men 
of  great  brajn  power,  enterprising,  and  in  important  positions,  will 
not  take  half  an  hour,  which  is  worth  perhaps  $50  to  them,  to  think  on 
a  problem  which  might  end  in  saving  them  $10  000  a  year  in  the  shop. 
That  kind  of  manager,  however,  is  rapidly  being  displaced  and  the 
younger  men,  who  are  willing  to  do  some  thinking  along  the  lines 
of  Mr.  Gantt's  paper,  are  coming  forward  to  take  their  places. 

Mr.  James  M.  Dodge  I  have  been  asked  whether  the  concern 
that  I  am  connected  with  has  abandoned  the  Taylor  system,  and  I 
desire  to  be  recorded  as  saying  that  we  have  not  abandoned  it;  on 
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the  contrary,  it  is  workiiig  to  our  complete  satisfaction  in  Philadel- 
phia and  Chicago,  and  we  are  introducing  it  as  well  in  our  Indian- 
apolis plant.  Mr.  Taylor  told  us  five  years  ago  that  the  introduction  of 
his  system  would  be  of  great  saving  to  us  in  normal  times,  but  that 
its  greatest  value  would  be  shown  during  periods  of  commercial 
depression,  and  I  am  very  glad  to  be  able  to  say  that  Mr.  Taylor 
was  absolutely  correct  in  his  statement.  Oiu-  business  dining  the 
past  year  (1908)  would  have  shown  a  deficit  had  we  been  working 
under  the  methods  we  thought  excellent  prior  to  oiu'  adoption  of 
the  Taylor  system,  which  carried  us  through  this  twelve  months 
during  which  our  business  was  curtailed  about  one-half,  with  a 
moderate  profit  showing  on  the  right  side  of  oiu'  annual  statement. 

(Question  by  Mr.  Frank  A.  Haughton  as  to  the  difficulty  in  holding 
together  their  organization  of  experts  through  this  period  of  depres- 
sion.) 

2  I  am  glad  that  question  was  asked,  because  we  did  not  experience 
the  difficulty  suggested.  Under  the  Taylor  system  the  functions 
of  the  different  members  of  our  organization  are  so  clearly  defined, 
that  we  were  able  very  promptly  to  reduce  our  expenses  by  demoting 
a  number  of  our  workers,  thus  avoiding  the  demoralization  of  the 
sub-divisions  of  our  organization.  We  took  the  men  into  our  con- 
fidence and  explained  to  them  the  exact  situation,  and  they  cheer- 
fully accepted  it;  in  fact  we  had  no  trouble  at  all.  Our  organization 
was  and  is  intact,  and,  as  Mr.  Taylor  told  us,  can  be  readily  expanded 
to  any  desired  extent  as  soon  as  increased  orders  make  it  necessary. 

The  Author  A  system  of  management  may  be  defined  as  a 
means  of  causing  men  to  co5perate  with  each  other  for  a  common  end. 
If  this  cooperation  is  maintained  by  force,  the  s)rstem  is  in  a  state  of 
unstable  equilibrium,  and  will  go  to  pieces  if  the  strong  hand  is 
removed.  Co5peration  in  which  the  bond  is  mutual  interest  in  the 
success  of  work  done  by  intelligent  and  honest  methods  produces  a 
state  of  equilibrium  which  is  stable  and  needs  no  outside  support. 

2  Until  within  a  few  years  the  mechanic  was  necessarily  the  source 
and  conserver  of  industrial  knowledge,  and  on  him  rested,  therefore, 
the  responsibility  for  training  workmen.  With  the  advent  of  the 
scientifically  educated  engineer,  capable  of  substituting  a  scientific 
solution  of  problems  for  the  empirical  solution  of  the  mechanic,  the 
responsibility  of  training  workers  naturally  shifts  to  his  shoulders. 
If  he  accepts  this  responsibility,  and  bases  training  on  the  results  of 
scientific  invesjtigation,  the  efficiency  of  the  workman  can  be  so  greatly 
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increased  that  the  manufacturer  can  a£Ford  to  give  those  that  take 
advantage  of  this  training  such  compensation  as  will  secure  their 
hearty  and  continuous  cooperation,  thus  making  the  first  permanent 
advance  toward  the  solution  of  the  labor  problem. 

3  This  was  first  demonstrated  by  Mr.  Fred.  W.  Taylor,  and  the 
whole  industrial  community  has  already  been  profoundly  influenced 
by  his  work. 

4  It  was  well  said  yesterday  that  the  work  of  the  engineer  has 
been  less  appreciated  than  that  of  any  other  learned  profession,  and 
a  broader  recognition  of  his  work  will  have  a  marked  influence  on  our 
civilization. 

5  He  is  carr3ring  forward  under  the  direction  of  science  the  work 
that  was  b^un  by  the  mechanic  who  first  learned  to  chip  flint  or 
make  a  fire,  and  it  is  he  alone  who  can  lead  the  mechanic  of  today 
to  a  better  understanding  of  his  problems,  and  the  capitalist  to  a 
better  appreciation  of  their  solution. 
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SALT  MANUFACTURE 

MECHANICAL  METHODS  AND  ENGINEERING  FEATURES  OF  LARGE 

SALT  PLANTS 

By  Georoe  B.  Willcox,  Saginaw,  Mich. 
Member  of  the  Society 

The  literature  readily  available  on  the  subject  of  salt  manufacture 
is  not  extensive,  and  is  for  the  most  part  contained  in  volumes  de- 
voted principally  to  other  subjects,  such  for  instance  as  geological 
reports  of  the  various  States,  besides  a  number  of  pamphlets  that  have 
appeared  from  time  to  time  as  the  result  of  special  investigations  of 
specific  problems  relating  to  salt  manufacture.  These  pamphlets 
and  reports  have  in  general  treated  the  question  from  the  standpoint 
of  the  chemist  or  the  geologist  rather  than  that  of  the  mechanical 
engineer. 

2  It  is  the  purpose  of  this  paper  to  note  from  a  mechanical  engi- 
neer's point  of  view  a  few  of  the  more  recent  developments  in  the 
mechanical  methods  and  appliances  of  some  of  the  large  salt  plants. 
Reference  will  be  made  solely  to  plants  operated  by  what  is  known 
as  the  steam  grainer  system,  as  distinguished  from  the  vacuum  pan 
system,  and  the  solar  or  open  air  system. 

GENERAL    ARRANGEMENT   OF    A   GRAINER   PLANT 

3  Since  the  nature  of  the  brine  obtainable  determines  the  treat- 
ment necessary  before  the  actual  process  of  evaporation  begins,  the 
arrangement  of  the  component  parts  of  a  grainer  plant  for  the 
manufacture   of   salt  varies    in    different  localities.     The  majority 

Presented  at  the  New  York  Meeting  (December  1908)  of  The  American 
Society  of  Mechanical  Engineers. 
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in  America  are  arranged  somewhat  as  in  the  map  (fig.  1)  of  a 
salt  plant  having  ten  grainers,  with  a  total  producing  capacity  of 
approximately  1000  bbl.,  or  about  140  tons  per  24  hours.  It  may  be 
of  interest  to  note  that  this  plant  operates  by  exhaust  steam  of  less 
than  2  lb.  pressiu'e.  It  operates  24  hr.  a  day.  Six  men  are  em- 
ployed at  the  plant,  f oiu*  on  the  day  shift  and  two  at  night.  These 
men  do  all  the  work,  including  pumping,  liming  and  settling  the 
brine,  making  the  salt  and  delivering  it  on  the  storehouse  floor. 
Rg.  2  is  a  bird's-eye  view  of  such  a  plant. 
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FiQ.  1    Map  of  SAi;r  Plant 

4  In  general,  the  mode  of  operation  is  as  follows:  The  brine 
is  first  pumped  from  the  wells  into  a  liming  house  (1),  where  it  is 
mixed  with  a  suitable  proportion  of  slaked  lime  to  precipitate  the 
iron  contained  in  it.  After  liming,  the  brine  is  pumped  into  settling 
tanks  (2),  where  it  remains  until  perfectly  clear,  usually  24  to  48 
hr.  or  longer  being  required  for  the  settling.  From  the  settler  it 
is  drawn  into  large  pre-heating  vats  (3)  located  in  the  grainer  build- 
ing, and  there  heated  by  means  of  submerged  steam  pipes.  From 
the*pre-heating  vats  the  brine  is  drawn  into  the  grainers  (4),  where 
it  is  evaporated  by  steam  pipes  submerged  in  the  brine. 
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5  The  salt  produced  by  each  grainer  is  moved  along  the  grainer 
bottom  and  up  an  incline  at  its  front  end  by  an  automatic  ''salt 
raker"  and  then  dropped  into  a  collecting  conveyor  (5).  Thence 
it  is  carried  by  a  conveyor  (6)  to  the  foot  of  a  bucket  elevator  (7)  that 
hoists  it  to  the  top  of  the  storehouse.  The  elevator  discharges  at  its 
top  on  either  of  a  pair  of  conveyors  (8)  running  in  opposite  directions 
and  located  just  beneath  the  storehouse  roof.  From  the  conveyor 
(8)  the  salt  is  delivered  to  any  one  of  a  series  of  distributing  conveyors 


Fig.  2    Bird's-eye  View  of  Salt  Plant 

(9)  and  dropped  therefrom  to  the  warehouse  floor.  The  height  of 
the  distributing  conveyors  (9)  and  their  distance  apart  is  such  that 
nearly  the  entire  storage  space  of  the  warehouse  can  be  filled  with 
salt  without  shoveling. 

SAm*  GRAINERS   OF   REINFORCED   CONCRETE 

6  In  years  gone  by  white  pine  was  available  for  the  construction 
of  grainers  and  was  almost  universally  used.  It  withstood  the  action 
of  the  hot  brine  admirably,  was  easily  worked,  did  not  shrink  to  any 
great  extent  as  do  nearly  all  other  woods  when  exposed  to  hot  brine, 
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and  when  properly  calked  with  oakum  was  capable  of  giving  good 
service  for  five  years  or  more. 

7  With  the  decline  of  the  white  pine  supply,  however,  came  a 
demand  for  some  material  other  than  wood  from  which  to  build 
grainers  and  attention  was  directed  toward  reinforced  concrete. 

8  The  ordinary  salt  grainer  is  a  pan  usually  150  ft.  long  by  12  ft. 
wide  by  2  ft.  deep  equipped  with  steam  pipes.  This  pan  is  often 
called  upon  to  undergo  considerable  changes  in  temperature,  varying 
in  extreme  cases  from  40  to  185  deg.  fahr.  and  back  again  to  40  deg. 
It  must  of  course  remain  brine-tight  under  all  conditions. 


Fig.  3     Monolithic  Concrete  Grainers 

9  A  method  of  construction  that  has  proven  satisfactory  to  stand 
the  strain  incident  to  such  temperature  variation  is  shown  in  Fig.  3. 
These  grainers  are  monolithic,  no  expansion  joints  being  used.  They 
rest  on  a  hard  flat  bed  of  rammed  sand,  giving  a  uniform  support 
throughout  the  grainer  bottom  and  reducing  radiation  loss. 

10  When  the  brine  is  warmed  from  say  40  to  about  180  deg.  fahr., 
the  concrete  grainer  expands  approximately  IJ  in.  in  its  length  of 
150  ft.     All  the  grainers  do  not  expand  aUke,  however.     When  cooled 
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they  contract  to  their  original  position.  After  nearly  3  years  of 
constant  use  they  are  in  first-class  condition  and  brine-tight.  Con- 
crete is  an  excellent  material  for  reducing  radiation  loss;  in  fact  these 
grainers  continue  to  make  salt  for  three  or  four  days  after  the  steam 
is  shut  off. 

DETAILS   OP   CONCRETE   GRAINER   CONSTRUCTION 

1 1  Their  construction  is  shown  in  detail  in  Fig.  4.  The  grainer 
walls  are  6  in.  thick  and  the  bottom  4  in.  The  reinforcing  bars  are  i 
in.  corrugated.  Transverse  the  grainer  the  bars  are  laid  4  in.  on 
centers.     Alternate  transverse  bars  extend  down  one  wall,  bend  at  the 
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juncture  of  the  wall  and  bottom,  and  run  imbedded  in  the  bottom  to 
the  base  of  the  opposite  wall.  The  longitudinal  bars  are  also  spaced 
4  in.  apart  a,nd  at  the  ends  of  the  grainer  are  bent  up  to  form  vertical 
reinforcement.  The  side  and  end  walls  have  horizontal  bars  spaced 
4  in.  apart,  and  near  the  top  edges  of  the  walls  is  a  i  in.  bar  extend- 
ing entirely  around  the  grainer.  Fig.  5  shows  a  grainer  under  con- 
struction. 
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12  The  concrete  used  was  a  mixture  of  Portland  cement,  sand 
and  gravel.  The  lower  2  in.  of  the  grainer  bottom  was  in  the 
proportion  of  one  to  six,  being  1  cu.  ft.  of  cement  to  2  cu.  ft. 
of  sand  and  4  cu.  ft.  of  gravel.  The  top  2  in.  was  1  cu.  ft. 
of  cement  to  3  cu.  ft.  of  sand.  The  side  walls  were  1  cu.  ft.  of 
cement  to  1  cu.  ft.  of  sand  and  1  cu.  ft.  of  gravel.  All  the  concrete 
was^mixed  very  wet,  so  that  it  would  run  oflf  a  shovel  and  was  poured 
into  place.  No  water-proofing  method  was  used  in  the  construction 
of  the  grainers  other  than  a  gentle  spudding  of  the  side  walls  next 
to  the  forms  with  a  thin  bladed  spud  immediately  after  the  concrete 
was  poured.     The  bottom  was  leveled  by  striking  oflf  with  a  strike 


Fig.  5    Latino  Concrete  in  Grainer  Bottom  and  Walls 

guided  at  its  ends  on  rails  spiked  to  the  sides  of  the  wall  forms,  and 
the  surface  was  finished  by  troweling.  Openings  for  drip  pipes, 
etc.,  were  made  by  embedding  cast  iron  boxes  provided  with  anchor 
wings  into  the  concrete.  Fig.  4,  and  fitting  these  boxes  with  glands 
and  packing  boxes. 

13  After  becoming  accustomed  to  the  work  by  building  two  or 
three  grainers,  a  crew  of  twelve  men  can  place  the  reinforcing  bars 
and  pour  the  concrete  for  a  grainer  of  the  size  given  in  9  hr. 

14  The  first  few  grainers  at  this  plant  were  built  in  the  open  air, 
and  as  the  sun  was  very  hot  they  were  covered  by  a  canvas  tent, 
shown  in  Fig.  6,  which  was  later  dispensed  with  when  the  building 
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construction  was  far  enough  along  to  protect  the  fresh  concrete.    The 
same  grainer  with  the  forms  removed  is  shown  in  Fig.  7. 

15  The  life  of  these  reinforced  concrete  grainers  has  not  been 
determined,  but  after  three  years'  use  the  indications  are  that  they 
are  good  for  many  years.  If  the  hot  brine  shows  a  deleterious  effect 
on  the  concrete  after  iong  use,  the  side  walls  will  be  lined  with  flat 
slabs  of  vitrified  tile,  but  the  necessity  has  not  arisen  up  to  this  time. 

RAKERS 

16  In  the  process  of  evaporation,  the  salt  accumulates  on  the 
grainer  bottom  and  unless  removed  will  continue  to  accumulate 


FiQ.  6 


Graineb  Coybbxd  with  Tsnt  for  Protbction  of  Concrbtb  whiub 

SUTTINO 


until  the  grainer  is  nearly  full  of  salt.  It  is  necessary  to  ''lift"  the 
salt,  either  by  hand  when  the  grainer  is  nearly  filled  or  by  some  auto- 
matic^means  as  fast  as  it  is  formed.  The  automatic  continuous 
method  is  the  one  now  generally  adopted  in  grainer  plants  throughout 
the  United  States,  not  only  because  it  is  less  expensive  than  hand 
lifting,  but  also  because  of  the  difficulty  of  seciuing  laborers  willing 
to  undergo  the  hard  manual  labor  in  the  hot  steamy  atmosphere  of 
a  salt  plant. 

17  Various  types  of  machines,  generally  designated  as  "salt 
rakers,"  have  from  time  to  time  been  developed  for  this  piu-pose. 
They  all  belong  in  the  class  of  conveyors,  their  purpose  being  to 
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rake  the  salt  along  the  grainer  bottom  and  deliver  it  up  an  incline 
located  at  one  end  of  the  grainer.  Some  peculiar  conditions  met 
with  in  designing  machines  for  this  class  of  work  are  of  interest  from 
a  mechanical  point  of  view.  Salt  rakers,  whatever  their  construc- 
tion, must  be  capable  of  keeping  the  grainer  bottom  clear;  that  is, 
they  must  sweep  a  space  of  about  150  by  12  ft.  continuously,  and  deliver 
the  salt  up  an  incline,  giving  the  salt  an  opportunity  to  drain  before 
being  pushed  over  into  the  conveyors  by  which  it  is  transported  to 
the  warehouse.  The  size  of  the  raker  practically  necessitates  the 
use  of  iron  or  steel  in  its  construction,  but  iron  or  steel  deteriorates 


FiQ.    7     Forms  and   Tent   Removed      CiitAiNER    Filled    with   Water   and 
First  Bent  of  Building  in  Place 

rapidly  if  exposed  to  the  steamy  atmosphere  of  a  salt  grainer.  In 
fact,  it  is  very  common  for  a  half-inch  bar  of  steel  to  be  eaten  entirely 
through  in  the  space  of  a  few  months.  This  corrosion  of  the  steel 
introduces  another  element  of  danger,  namely,  discolored  salt.  If 
a  bar  of  iron  or  steel  is  allowed  to  project  down  into  a  salt  grainer, 
a  bunch  of  salt  will  be  formed  at  the  brine  level  and  continue  to  grow 
until  it  is  displaced  from  some  cause  and  that  part  of  the  salt  in 
contact  with  the  iron  is  discolored  with  iron  rust.  A  very  smalJ 
amount  of  iron  rust  will  result  in  streaks  of  red  through  the  salt 
piles  in  the  warehouse,  depreciating  the  value  of  the  product. 
•  18  Chains  heretofore  used  in  the  design  of  salt  rakers  have  been 
generally  abandoned  on  account  of  the  liability  of  breakage.     Wheels 
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have  been  avoided  as  far  as  possible  because  of  the  excessive  wear 
on  their  treads  when  working  in  an  atmosphere  of  salt  vapor.  A 
chilled  cast-iron  wheel  8  in.  in  diameter  by  4  in.  face,  running  on  a 
steel  track  and  carrying  a  load  that  would  not  be  at  all  excessive 
under  ordinary  conditions,  will  wear  away  on  the  tread  during  a 
period  of  three  or  four  months  in  the  steamy  atmosphere  of  a  salt 
plant  to  such  an  extent  that  there  will  be  practically  nothing  left 
except  the  babbited  core  and  the  flanges.  Such  rapid  wear  seems 
to  be  due,  first,  to  corrosion  of  the  tread,  and  then  to  the  wearing 
away  of  the  rust  so  formed  by  continued  rolling  of  the  wheel  on  its 
track.     Wheels  are  therefore  to  be  avoided. 


' 

■■VMI^HI  ^^^^^^^MIB^^^H 

Mi/jd^    -^.:     -. 

-Q 

^^                                                                        -it  ^     1 

Fig.  8     Sweeping  Action  of  Automatic  Salt  Raker 

19  Another  mechanical  difficulty  in  designing  a  raker  for  this 
purpose  lies  in  the  fact  that  the  brine  surface  should  be  as  clear  and 
unobstructed  as  possible,  so  that  the  salt  maker  can  judge  from  its 
appearance  the  condition  and  grain  of  the  salt  that  is  being  produced. 
Overhead  framework  is  therefore  an  undesirable  feature  in  raker 
construction. 

20  After  much  experimenting,  passing  through  many  stages 
of  development,  the  automatic  salt  raker  of  today  has  taken  the 
form  shown  in  Fig.  9  and  10,  which  are  respectively  a  top  plan  view 
and  a  longitudinal  elevation  of  a  grainer  equipped  with  a  raker. 
The  raker  is  driven  by  a  hydraulic  cylinder  located  in  front  of  the 
grainer. 
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21  The  sweeps  or  scrapers  of  this  machine  are  shown  in  Fig.  3, 
underneath  the  pipes,  and  the  manner  in  which  the  salt  is  pushed  up 
out  of  the  grainer  is  shown  in  Fig.  8.  The  sweeps,  by  a  back-and- 
forth  or  reciprocating  movement,  operate  to  push  the  salt  toward 
the  end  of  the  gridner  on  the  forward  stroke  and  to  feather  on  the 
back  stroke,  forcing  the  salt  with  a  step-by-step  movement  along  the 
bottom  of  the  grainer  and  up  the  incline. 

22  The  raker  is  submerged  in  the  brine  and  operates  underneath 
the  grwier  pipes  where  the  air  can  not  get  to  it  except  when  the 
grainer  is  empty.  By  this  simple  expedient,  corrosion  is  reduced 
to  the  minimum  and  no  difficulty  is  experienced  from  red  salt.  The 
raker.  Fig.  9  and  10,  consists  essentially  of  a  frame-work  comprising 
two  steel  angles  (1)  located  within  the  grainer  near  its  bottom  and 
adjacent  to  the  side  walls.  At  intervals  these  two  angles  are  con- 
nected by  cross  braces  (2)  and  the  frame-work  so  formed  carries  a 
series  of  feathering  scraper  blades  (3)  extending  transverse  the 
grainer  and  supported  at  their  two  ends  on  the  two  side  angles  by 
means  of  horizontally-projecting  rocking  pivots  or  fingers  (3A). 

23  The  scrapers  are  usually  spaced  about  8  ft.  apart  and  the 
entire  raker  has  a  back-and-forth  movement  of  about  9  ft.,  so  that 
each  blade  travels  about  1  ft.  ahead  of  the  initial  position  of  the 
next  blade  in  front.  The  salt  is  thus  gradually  passed  step  by 
step  to  the  front  of  the  grainer  and  up  the  incline. 

24  Hot  brine  makes  an  excellent  lubricant,  and  therefore  the 
only  support  needed  for  the  side  angles  is  a  series  of  flat  cast-iron 
shoes  spaced  at  suitable  intervals  along  the  grainer  bottom,  and  it 
is  on  the  tops  of  these  shoes  that  the  side  angles  (1)  slide  back  and 
forth. 

25  The  rakers  may  be  actuated  by  a  variety  of  different  devices, 
the  hydraulic  cylinder,  however,  affording  the  best  chance  for  regula- 
tion and  giving  the  least  trouble  in  practice.  The  piston  rod  (4) 
passes  into  the  grainer  through  a  stuffing  box  (5)  in  which  are  several 
rings  of  metallic  packing.  The  cylinder  is  usually  about  8  in.  in 
diameter  by  9  ft.  stroke.  It  makes  a  stroke  in  about  2  min.,  bring- 
ing up  a  load  of  salt  every  4  or  5  min.  The  cylinder  operates  at 
a  water  pressure  of  about  80  lb.,  supplied  usually  by  a  steam  pump 
or  a  motor-driven  triplex  plunger  pump. 

26  In  the  plant  illustrated,  10  rakers  and  2  reciprocating  salt 
conveyors  are  operated  by  one  pump.  The  cylinder  water  is  used 
repeatedly  by  retiuning  the  discharge  from  the  cylinders  to  a  tank 
from  which  the  pump  takes  its  suction. 
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27  In  conveying  the  salt  from  the  grainers  to  the  warehouse  and 
discharging  it  on  the  warehouse  floor  many  difficulties  have  been 
encountered  not  ordinarily  met  with  in  the  conveying  of  materials. 
On  a  dry  day  the  salt  may  be  apparently  dry  and  almost  similar  to 
granulated  sugar  in  its  behavior  in  the  conveyors,  but  with  increased 
humidity  in  the  weather,  the  salt  becomes  soggy  and  on  a  very  damp 
or  foggy  day  will  even  drop  brine  from  the  conveyor.  If  the  con- 
veyor is  a  belt,  the  salt  can  be  readily  cleaned  from  it  on  a  dry  day 
by  means  of  a  diagonal  scraper  of  plate  glass,  but  on  a  wet  day  it 
will  stick  to  the  belt  so  that  it  is  exceedingly  diflScult  to  remove  it 
by  any  cleaning  device.  Various  kinds  of  scrapers  and  rotary 
brushes  have  been  tried  but  failed. 

28  Another  diflSculty  encountered  with  belt  conveyors  having 
iron  rollers  is  excessive  corrosion,  the  under  side  of  the  belt  becoming 
covered  with  iron  rust  that  sooner  or  later  under  the  sweating  of 
the  salt  drops  rusty  water  and  pieces  of  discolored  salt  on  the  salt 
piles.  It  has  been  found  advisable  to  dispense  with  iron  as  much  as 
possible  in  the  construction  of  belt  conveyors  for  carrjdng  salt,  and 
in  the  author's  opinion,  the  most  satisfactory  arrangement  is  an 
idler  roller  made  of  pepperidge,  about  5  in.  in  diameter  and  two 
or  three  inches  longer  than  the  width  of  the  belt.  Through  the 
roller  is  passed  a  cold  rolled  shaft,  the  ends  projecting  about  6  in. 
beyond  the  ends  of  the  roller.  The  roller  is  then  centered  and 
turned  in  a  lathe. 

29  The  bearings  for  the  rollers  are  simply  blocks  of  well  seasoned 
hard  maple.  Ordinary  cup  grease  is  used  as  lubricant.  Bearings 
of  this  kind  have  been  run  constantly  for  about  three  years  without 
serious  indications  of  wear. 

30  One  difficulty,  however,  that  seems  inherent  in  the  use  of 
conveyor  belts  for  handling  salt  that  must  be  moved  in  a  continuous 
stream  and  where  the  belt  is  to  operate  continuously  for  a  long 
period  of  time  is  this:  the  pepridge  rollers  reduce  in  diameter  some- 
what under  the  wearing  action  of  the  belt  and  have  to  be  renewed 
occasionally;  but  this  is  not  so  serious  a  matter  as  the  discoloration 
of  the  salt  by  particles  dropping  from  the  conveyor  upon  the  palt 
pile.  The  exact  cause  of  the  accumulation  of  dirty  salt  along  the 
edges  of  the  belt  and  the  winding  of  streaks  of  black  salt  around  the 
peripheries  of  the  rollers  just  at  the  edges  of  the  belt  is  difl5cult  to 
account  for  even  after  careful  investigation,  except  on  the  theory 
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that  the  moist  belt  passing  through  the  air  in  course  of  a  day's  run 
picks  up  from  the  air  particles  of  dirt  and  soot  that  ultimately  work 
to  the  edges  and  wind  around  the  rollers  until  they  have  accumulated 
sufficiently  to  fly  off  and  drop  into  the  salt  pile  below. 

31  Analysis  of  such  particles  showed  no  traces  of  rubber  and 
the  fact  that  the  belt  will  run  a  year  or  more  before  wearing 
sufficiently  to  necessitate  renewal  indicates  that  the  dirt  does  not 
come  from  the  belt  and  probably  not  much  of  it  comes  from  the 
wearing  of  the  wooden  rollers.  It  is  not  practicable  to  enclose  a  belt 
conveyor  in  an  air-tight  box;  a  different  style  of  conveyor  has  there- 
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Fig.   11     Transverse  Section  of  Reciprocating  Conveyor 
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Scraper  Blade 
Fig.  12     Side  View  op  Reciprocating  Conveyor 

fore  been  adopted  for  handling  salt  under  the  conditions  named, 
i.  e.,  where  a  small  stream  of  salt  must  be  taken  continuously  from 
the  grainer  plant  and  delivered  on  the  warehouse  floor.  The  troubles 
mentioned  together  with  rapid  depreciation,  make  belts  undesirable. 
These  objections  apply  to  continuous  delivery  of  salt  in  a  small 
stream  and  not  to  belts  used  for  cargo  loading,  or  similar  uses,  where 
a  large  quantity  must  be  transported  in  a  short  space  of  time. 

RECIPROCATING    CONVEYORS 

32     A  form  of  conveyor  that  has  been  found  to  be  well  suited  for 
the  continuous  handling  of  salt  is  shown  in  Fig.  11,  which  is  a  trans- 
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verse  section  of  a  conveyor  trough,  and  in  Fig.  12,  which  is  a  longi- 
tudinal section  showing  the  driving  pitman  and  also  the  slot  through 
which  the  salt  drops  from  the  conveyor.  In  this  conveyor  the 
scraper  blades  are  usually  spaced  about  3  ft.  apart  and  the  con- 
veyor has  a  back-and-forth  movement  of  about  5  ft.  The  principle 
of  operation  is  the  same  as  that  of  the  rakers  previously  described. 
33  In  Fig.  11,  the  steel  side  angles  of  the  conveyor  are  shown 
supported  on  idlers  with  chilled  rims.  It  is  not  absolutely  necessary 
to  use  these  idlers,  as  the  conveyor  works  very  well  if  the  steel  side 
angles  are  supported  inside  the  conveyor  trough  instead  of  outside 


Fig.  13    Conveyor  Driven  by  Hydraulic  Cylinder 

as  shown,  and  allowed  to  slide  back  and  forth  on  angle  iron  brackets 
spaced  about  6  ft.  apart  along  the  trough.  The  salt  droppmg  into 
the  conveyor  from  above  acts  as  a  lubricant  between  the  two  rubbing 
surfaces.  This  latter  construction  has  the  advantages  of  cheap- 
ness and  simplicity,  but  its  disadvantage  is  the  greater  liability  of 
particles  of  dirt  getting  into  the  salt.  It  has  been  found  in  prac- 
tice, however,  that  the  latter  disadvantage  is  more  apparent  than 
real. 
34    It  is  preferable  to  make  the  scraper  blades  of  well  seasoned 
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hard  maple  but  in  some  instances  they  are  made  of  ^  by  6  in.  band 
steel.  This  type  of  conveyor  must  of  course  be  thoroughly  galvan- 
ized to  reduce  corrosion  as  much  as  possible. 

35  The  scraper  blades  and  their  braces  should  be  arranged  in  unit 
sections,  as  indicated  in  Fig.  12,  so  the  conveyors  can  readily  be  made 
of  any  length  desired.  Such  standardization  permits  reversing  the 
scraping  direction  of  one  part  of  the  conveyor  if  necessary.  This 
type  has  one  important  advantage  over  a  continuous  belt  conveyor 


Fio.  14     Apparatus  for  Loading  Under  Special  Conditions 

in  that  it  will  scrape  in  two  directions  at  the  same  time,  if  part  of 
the  blades  are  arranged  to  operate  in  one  direction  and  part  opposite. 

36  The  bottom  of  the  trough  for  a  conveyor  of  this  type  should 
be  as  smooth  as  possible  and  probably  the  best  lining  for  the  purpose 
is  J  in.  crude  plate  glass,  that  is,  plate  glass  which  has  not  bfeen  ground 
or  polished.  It  can  be  had  from  any  plate  glass  works  at  approx- 
imately $0.30  per  square  foot,  and  is  easily  laid  by  rubbing  it  into 
a  bed  of  plaster-of-paris. 

37  There  is  of  course  a  limit  to  the  length  that  is  practicable 
for  a  conveyor  of  this  kind,  but  for  salt  plant  purposes  200  ft.  is  not 
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excessive.  Such  a  conveyor,  with  side  angles  made  o*f  2  in.  by  2  in. 
by  i  in.  angle,  blades  of  J  in.  by  6  in.  steel,  2  ft.  wide,  has  been  in 
continuous  operation  for  about  four  years  taking  the  sialt  from  eleven 
grainers,  each  13  ft.  wide  by  176  ft.  long.  The  particular  conveyor 
referred  to  is  about  200  ft.  long,  and  the  bottom  of  the  trough  is 
lined  with  hard  maple.  If  it  were  lined  with  glass  it  could  probably 
be  successfully  operated  at  a  length  of  about  300  ft.  It  is  driven 
by  a  hydraulic  cylinder  as  shown  in  Fig.  13,  or  by  a  crank  and  pitman, 
as  in  Fig.  12.  It  is  probable  that  this  form  of  conveyor  may  have 
other  uses  than  in  salt  making. 

APPARATUS  FOR  LOADING  SALT  BARRELS  INTO  CARS 

88     An  apparatus  found  very  effective  in  salt  plants  for  loading 
barrels  into  cars,  and  of  interest  in  connection  with  locations  where 


Fig.  15     Barrels  on  Loader  Ready  for  Lifting 

the  car  platform  is  higher  than  the  storehouse  floor,  is  illustrated 
in  Fig.  14.  This  apparatus  was  devised  to  meet  a  condition  where 
great  numbers  of  barrels  each  containing  280  lb.  of  salt  had  to  be 
loaded  from  the  storehouse  floor  into  box  cars.  Owing  to  the  pres- 
ence of  quick-sand,  the  enormous  loads  to  be  carried  and  other  con- 
siderations, it  was  found  necessary  in  this  particular  plant  to  put 
the  storehouse  floor  directly  upon  the  ground,  and  as  it  was  imprac- 
ticable on  account  of  existing  grades  to  depress  the  railroad  track 
alongside  the  storehouse,  the  car  platforms  are  about  4  ft.  above 
the  warehouse  floor. 

39  It  is  customary  in  loading  a  car  with  salt  barrels  to  put  in 
first  a  tier  of  barrels  standing  on  end  and  then  on  top  of  them  a  tier 
of  barrels  lying  on  their  bilges,  and  this  device  is  well  suited  to 
those  requirements.  An  overhead  I-beam  extending  the  w^iole 
length  of  the  storehouse  and  paralleling  the  railroad  track  (Fig  14) 
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was  provided  with  a  traveling  electric  hoist.  Each  loading  door 
of  the  storehouse  was  provided  with  a  pair  of  sockets  to  receive  the 
rock-shaft  of  the  loading  device.     Two  pieces  of  light  tee-rail  are 


Fig.  16    Loader  with  Additional  Rails  por  Loading  Second  Tier 

connected  at  their  delivery  ends  by  a  cross-shaft  and  at  their  receiv- 
ing ends  by  a  rail  to  which  the  electric  hoist  is  hooked.  Four  bar- 
rels are  run  on  the  horizontal  part  of  the  loader,  Fig.  15,  and  the 


Fig.  17    Delivering  Barrels  to  Second  Tier 

hoist  then  raises  the  end  of  the  loader  as  in  Fig.  14,  until 
the  barrels  roll  into  the  car.  They  are  then  up-ended  until 
the  first  tier  is  completed.     Then  another  pair  of  rails  bent  at  one 
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end  is  attached  to  the  first  pair  so  that  the  free  end  of  the  second  pair 
is  high  enough  to  deliver  barrels  on  top  of  the  first  tier,  Fig.  16  and 
17.  The  hoister  is  simply  made  to  lift  higher  in  delivering  the 
second  tier.  This  hoister  is  easily  moved  from  door  to  door  of 
the  warehouse,  and  the  electric  hoist  overhead  is  easily  traversed 
from  place  to  place  as  needed. 

40  It  has  been  found  much  cheaper  to  load  barrels  into  cars  by 
means  of  this  device  than  to  roll  the  barrels  for  the  first  tier  from 
the  loading  platform  of  an  elevated  warehouse  into  the  car  and  then 
lift  the  barrels  for  the  second  tier  by  hand,  and  this  machine  makes 
it  practicable  to  put  the  warehouse  directly  on  the  ground,  thereby 
saving  the  expense  of  building  an  elevated  warehouse  floor. 

41  Neither  the  reciprocating  conveyor  previously  described  nor 
the  loading  device  are  patented,  and  anyone  may  make  them. 

DISCUSSION 

Mr.  G.  F.  Hutchings  Before  lumber  became  scarce,  the  ''grainer 
block"  was  an  adjunct  to  practically  every  saw-mill  in  Michigan. 
By  using  their  exhaust  steam  in  the  evaporation  of  brine,  the  fuel 
cost  the  mills  nothing  and  the  cost  of  salt-production  was  confined 
to  pumping  the  brine  and  handling  the  salt,  which  found  a  ready 
market  at  high  prices. 

2  Salt-manufacturing  establishments  increased  in  number,  and 
brine  and  rock-salt  beds  were  discovered  in  many  states;  the  market 
became  glutted  and  prices  fell;  and  cooperage  became  so  scarce  that 
the  barrel  cost  more  than  the  salt  it  contained.  Manufacturers  who 
were  not  entirely  driven  out  of  the  market  were  compelled  to  adopt 
more  efiScient  and  cheaper  methods  of  producing  salt. 

3  Finding  themselves  in  this  position  about  six  years  ago,  my 
company,  after  investigation,  installed  mechanical  rakers  and  con- 
veying apparatus,  a  class  of  machinery  then  new  to  the  market. 
Our  apparatus  is  essentially  that  described  by  Mr.  WiUcox.  After 
correcting  the  defects  incident  to  a  new  departure,  we  found  ourselves 
in  possession  of  excellent  salt-handling  machinery. 

4  The  old-style  method  had  required  10  men  to  lift  by  hand  and 
store  the  product  of  8  grainers;  by  the  present  mechanical  methods, 
4  men  could  handle  10  grainers.  In  our  experience  a  mechanically 
lifted  grainer  makes  no  more  salt  per  day  than  a  hand  lift,  the  raker 
advantage  being  altogether  one  of  labor-saving. 

5  One  of  the  chief  requirements  in  the  design  of  a  salt  raker  is  that 
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all  parts  of  the  machine  that  come  in  contact  with  the  hot  brine  be 
entirely  submerged  in  it,  as  the  combined  action  of  brine  and  air  will 
rapidly  destroy  the  apparatus. 

6  The  pioneer  work  of  Mr.  Willcox  in  exploiting  the  reenforced 
concrete  grainer,  marks  an  epoch  in  the  engineering  department  of 
the  salt  industry.  During  the  construction  of  these  grainers  at  Sag- 
inaw the  salt  fraternity  looked  on  with  distrust,  thinking  that  the 
variation  in  brine  temperature  would  soon  destroy  the  work,  but  the 


Fig.  1     Loading  a  Boat  with  Salt  at  the  North  American  Chemical  Co., 

Bat  Citt,  Mich. 

sand  joint  between  grainer  and  foundation  apparently  takes  care  of 
this  point. 

7  The  scarcity  and  cost  of  the  high-quality  lumber  necessar}''  for 
grainer  construction  makes  the  advent  of  the  concrete  grainer  very 
welcome.  Wooden  grainers  are  hard  to  maintain  and  susceptible 
to  many  deteriorating  influences.  For  instance,  a  wooden  grainer  can 
be  kept  water-tight  only  by  continuous  use.  It  will  leak  if  turned 
out  two  or  three  dsLys  for  repairs  or  cleaning;  this  means  the  loss  of 
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brine  and  salt  for  perhaps  a  week  until  the  leaks  are  taken  up  by  a 
fresh  deposit  of  salt. 

8  The  writer  repaired  a  number  of  old  wooden  grainers  a  few  j'ears 
ago  by  lining  them  with  8-oz.  duck,  saturated  with  a  high-temperature 
asphaltum  compound.  The  melting-point  of  this  compound  is  260 
deg.,  and  a  grainer  seldom  shows  over  185  deg.  The  duck,  which  is 
^  in.  thick  when  saturated,  was  laid  with  6-in.  laps  and  all  joints 
covered  with  the  compound  and  reenforced  with  strips  of  saturated 
duck.  After  the  grainer  was  well  lined  another  reenforcement  of 
compound  was  spread  over  the  bottom  of  the  grainer  on  top  of  the 
saturated  ducking,  and  a  lining  of  inch-boards  was  nailed  in  the  bot- 
tom and  sides  of  grainer.  This  repair  job  has  been  running  four  years 
and  the  grainers  are  still  tight,  although  the  original  planking  is 
nothing  but  a  bunch  of  loose  fibers  which  can  be  pulled  to  pieces  with 
the  bare  fingers. 

9  As  for  handling,  the  belt  method  is  doubtless  undesirable  with 
a  small  but  continuous  quantity  of  salt,  owing  to  the  liability  of  the 
belt-mechanism  to  collect  dirt  and  spoil  the  salt.  On  the  other  hand, 
this  method  is  ideal  for  handling  quickly  large  quantities  of  salt,  a 
condition  exemplified  in  our  salt  works  at  Bay  City,  where  we  make 
salt  by  vacuum  pan  as  well  as  by  grainer.  This  salt  is  carried  by  belt 
from  the  drainage  bins  which  first  receive  the  salt  from  the  vacuum 
pans  to  the  warehouse  bins,  a  distance  of  350  ft.,  at  the  rate  of  15 
tons  per  hour.  The  belt  is  14-in.  operating  at  a  speed  of  250  ft.  per 
minute.  Five  men  do  the  work  of  handling  this  100  tons  or  700  bbl. 
of  salt  per  day;  without  the  belt  we  employed  9  men. 

10  We  also  have  a  belt  built  in  a  trough  across  our  wareroom  floor, 
with  another  belt  running  up  an  incUne  at  the  end  to  overhang  the 
Saginaw  River;  under  this  projecting  end  a  lake-boat  of  any  size  can 
be  moored;  30  or  40  men  can  wheel  salt  from  the  warehouse  floor  in 
wheelbarrows  and  dump  it  into  this  floor  trough,  and  the  salt  is  forth- 
with carried  by  the  belt  and  landed  in  the  hold  of  the  boat.  This 
loading  belt  is  24  in.  wide,  runs  300  ft.  per  minute,  and  will  load  at 
the  rate  of  150  tons  per  hour,  the  rate  of  loading  depending  altogether 
on  the  number  of  men  at  the  wheelbarrows.  Without  this  belt  we 
could,  not  load  boats  with  bulk  at  all,  because  our  warehouse  floor  is 
lower  than  the  deck  of  a  vessel. 

11  The  net  result  of  our  installation  of  salt  handling  machinery 
is  as  follows: 

On  grainer  raking  outfit,  saved  the  labor  of  6  men. 
On  vacuum  pan  outfit,  saved  the  labor  of  5  men. 
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A  total  saving  of  the  labor  of  11  men  on  handling  about 
1000  bbl.  of  salt  per  day,  a  cash  saving  of  nearly  two 
cents  per  bbl.  of  salt. 

The  interest  charge  on  these  improvements  and  the  repair  account 

come  to  a  very  small  fraction  of  a  cent  per  barrel. 

The  Author  As  showing  the  relative  advancement  in  the 
development  of  special  salt  works  machinery  in  America  and  abroad, 
it  is  of  interest  to  note  that  the  German .  Government  recently  sent 
a  commission  of  salt  experts  to  this  country,  and  as  a  result  that 
Government  has  adopted  this  system  and  has  authorized  the  build- 
ing of  a  large  salt  works  at  Schoningen,  which  is  in  its  essential 
features  of  design  and  equipment  practically  a  duplicate  of  the 
plant  described  in  this  paper. 
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Bt  S.  Ashton  Hand,  Cleyeulnd,  O. 
Member  of  the  Society 

Photographs  of  machinery,  interiors  of  shops,  products  of  machines, 
processes  of  manufacture,  etc.,  are  generally  made  to  aid  the  selling 
department  of  an  establishment  in  disposing  of  its  product. 

2  Sometimes  the  photographs  themselves  are  used  as  an  adver- 
tising medium,  but  in  the  majority  of  cases  half-tones  are  made 
from  them  for  use  in  catalogues,  or  for  illustrations  in  trade  journals. 
Catalogues  have  of  late  years  developed  into  veritable  works  of  art, 
and  their  preparation  calls  for  photographic  work  of  the  highest 
order. 

3  To  this  end  it  should  be  the  aim  of  the  photographer  to  pro- 
duce prints  that  will  require  the  least  retouching  when  used  for 
making  half-tones,  and  this  for  two  reasons:  First,  the  retouching 
of  prints  for  half-tone  work  is  quite  expensive;  and  second,  the 
print  that  requires  the  least  retouching  gives  much  the  best  results 
in  the  finished  half-tone.  A  print  which  requires  very  little  re- 
touching to  produce  a  first  class  half-tone  is  a  good  one  for  all 
other  purposes,  but  a  print  good  enough  for  all  other  purposes  may 
be  a  very  poor  one  from  which  to  produce  a  first  class  half-tone.* 

4  Nearly  all  industrial  establishments  are  equipped  with  a 
photographic  outfit  of  some  kind,  and  in  some  instances  an  experi- 
enced photographer  is  in  charge;  but  in  the  majority  of  cases  one 
of  the  draftsmen  must  take  care  of  all  the  photographic  work  of 
the  establishment,  and  it  is  in  the  hope  of  aiding  some  of  the  latter 
that  this  paper  has  been  prepared. 

^  The  rcproductioDA  in  this  paper  were  made  from  photographs  upon  which 
there  was  no  retouching  whatever. 

Presented  at  the  New  York  Meeting  (December  1908)  of  The  American 
Society  of  Mechanical  Engineers. 
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APPARATUS 

5  The  camera  should  be  a  strong  and  serviceable  one  having  a 
long  bellows  with  very  little  cone.  In  fact,  one  with  a  perfectly 
straight  bellows  is  best,  as  it  allows  greater  adjustment  of  the  lens 
board  without  danger  of  the  bellows  folds  cutting  off  any  of  the 
object.     The  vertical  and  side  swings  should  be  ample. 

6  The  camera  need  not  be  larger  than  6i  by  8i  in.,  and  should 
not  be  larger  than  8  by  10  in.,  as  anything  over  this  size  is  cumber- 


Fio.  1     Tripod  with  Trianqulak  Base 

some  to  handle,  and  requires  a  very  expensive  lens  and  a  great  deal 
of  skill  to  operate. 

7  If  large  prints  are  wanted,  bromide  enlargements  can  be  made 
up  to  any  reasonable  size,  and  if  for  any  reason  large  direct  or  con- 
tact prints  are  wanted,  a  slightly  enlarged  positive  can  be  made  from 
the  negative,  and  a  negative  as  large  as  wanted  can  b6  made  from 
the  positive.  This  procedure  has  its  advantages,  as  it  is  often 
possible  to  correct  in  a  great  measure  any  errors  in  exposure  or 
development,  and  many  errors  in  lighting  and  position. 

8  The  writer  never  uses  a  camera  larger  than  6i  by  8J  in.,  and 
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has  produced  many  excellent  enlarged  negatives  up  to  24  by  36  in., 
by  the  method  above  mentioned. 

9  The  tripod  should  be  solid  and  stiff  with  the  fewest  possible 
joints.  An  excellent  base  for  use  with  it  is  a  triangle  with  sides 
about  36  in.  long,  and  with  a  roller  or  caster  under  each  point  as 
shown  in  Fig.  1.  With  the  tripod  mounted  on  this  arrangement,  the 
camera  can  be  moved  any  distance  or  in  any  direction  without 
material  change  in  level. 

10  The  lens  should  be  the  best  obtainable,  and  too  great  emphasis 
cannot  be  placed  on  its  being  of  long  focus.  Never  under  any  circum- 
stances should  its  focus  be  shorter  than  the  diagonal  of  the  largest 
plate  with  which  it  is  to  be  used.  It  should  be  capable  of  rendering 
sharp  definition  from  corner  to  corner  of  the  plate  when  using  a 
comparatively  large  diaphragm.  A  lens  of  this  character  will  render 
the  focusing  much  easier,  and  will  enable  the  exposure  to  be  made 
in  the  shortest  possible  time. 

11  The  plates  should  not  be  the  most  rapid  made,  as  the  emulsion 
with  which  these  are  coated  is  not  generally  rich  enough  in  silver 
to  give  printing  density  for  anything  but  portriut  work,  and  also 
because  the  timing  of  the  exposure  must  be  very  exact.  Unless  both 
exposure  and  development  are  just  right,  the  negative  will  not  be 
"snappy"  enough  to  produce  a  good  bright  print. 

12  Very  slow  plates  take  long  exposures,  and  imless  skillfully 
handled  in  development  will  produce  prints  with  entirely  too  much 
contrast.  Plates  of  medium  speed  are  the  best  and  should  be  of 
the  kind  known  as  "double  coated"  or  "non-halation."  Plates  of 
this  kind  are  first  coated  with  a  slow  emulsion,  and  after  dr)dng  are 
again  coated  with  a  somewhat  faster  emulsion.  Plates  so  coated 
allow  of  very  great  latitude  in  time  of  exposure. 

13  If  interior  views  are  to  be  made  where  windows  and  other 
openings  to  the  light  have  to  be  faced,  then  the  plates  should  be 
coated  on  the  back  with  a  compound  known  as  "backing."  This 
will  prevent  to  a  great  extent  halation  or  blmring  of  the  high  lights 
caused  by  reflection  of  light  from  the  surfaces  of  the  plate  under 
the  emulsion.  This  "backing"  should  be  washed  off  with  a  damp 
sponge  before  development. 

PREPARATION   OP  THE   SUBJECT 

14  If  a  machine  is  to  be  photographed,  it  should  be  painted  with 
a  finishing  coat  of  drab  paint,  which  may  be  designated  as  "  mouse 
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color,"  and  the  paint  should  be  so  mixed  as  to  dry  absolutely  "  flat," 
that  is,  without  any  gloss  whatever.  If  parts  underneath  the  machine 
or  in  shadow  are  wanted  to  be  shown,  they  should  be  painted  a 
lighter  shade  than  the  more  prominent  parts,  and  the  deeper  they 
are  in  shadow  the  lighter  they  should  be  painted,  even  in  extreme 
cases  blending  the  color  gradually  into  a  white.  All  brightly  polished 
parts  should  be  daubed  or  rubbed  over  with  a  handful  of  soft  putty 
to  dull  the  brightness. 


Fig.  2 


Details  Brought  out  and  Shadows  Avon>ED  bt  Preparation  or 
Machine  Parts  Before  Photographinq 


15  Unless  these  precautions  are  taken,  the  parts  in  shadow  will 
show  very  dark  in  the  photograph,  and  if  very  close  together  will 
be  seen  only  as  one  shapeless  mass,  and  the  bright  spots  will  show 
chalky  white  with  very  black  lines  and  little  or  no  dettdl.  If  letters 
or  figures  cast  on  any  part  of  the  machine  are  wanted  to  be  shown, 
daub  them  with  white  paint  from  the  end  of  a  finger.  Rubbing  with 
chalk  will  give  them  a  very  rough  appearance. 
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16  It  must  be  borne  in  mind  that  all  high  lights  and  shadows 
are  greatly  intensified  in  photography,  and  that  a  sensitive  plate 
that  will  register  all  the  gradations  of  tone  seen  by  the  human 
eye  has  yet  to  be  made. 

17  Fig.  2  and  3  are  illustrations  of  machines  that  were  properly 
prepared  for  being  photographed. 

18  If  possible,  it  is  best  to  photograph  a  machine  before  it  has 
been  run,  otherwise  oil  from  the  .bearings  will  seep  out  on  the  paint 


Fig.  3    Detail  of  Fig.  2 

and  leave  dark  and  glossy  spots  which  will  look  badly  in  the  photo- 
graph. If  the  machine  is  to  be  run  before  being  photographed,  then 
it  should  not  have  its  finishing  coat  until  after  the  run  or  test  is  over. 
Before  the  finishing  coat  is  put  on,  all  the  bearings  should  be  thor- 
oughly flushed  with  gasolene  and  the  whole  exterior  cleaned  with 
it  to  remove  all  oil. 


Digitized  by  VjOOQIC 


1092 


INDUSltaAL  PHOTOGRAPHY 


LIGHTING    AND    POSITION 

19  Machinery  should  never  be  photographed  out  of  doors  or  under 
a  skylight,  as  there  is  too  strong  a  top  light  ^hich  causes  deep  shadows. 

20  The  light  should  preferably  come  from  the  north,  and  should 
fall  on  the  machine  at  a  downward  angle  of  about  20  deg.  from  the 
horizontal.  Cross  lights  from  other  windows  should  be  avoided  by 
pulling  down  the  shades  or  tacking,  up  heavy  paper.  Cross  lights 
make  a  confusion  of  shadows  and  obliterate  certain  lines,  giving  the 
machine  an3rthing  but  a  natural  appearance.  If  necessary  to  photo- 
graph the  machine  by  other  than  northern  lighting,  then  make  the 


Fig.  4    Distorted  View  Made  by  Pointing  the  Camera  Upward 

exposure  when  the  sun  is  overhead.  If  the  exposure  must  be  made 
when  the  sun  is  shining  through  the  windows  at  any  considerable 
slant,  tack  cheese  cloth  over  the  windows  to  diffuse  the  light. 

21  A  machine  should  never  be  photographed  directly  from  the 
front,  which  will  make  it  appear  too  flat.  For  depth,  the  camera 
should  be  placed  enough  out  of  center  to  show  a  little  of  one  side  of 
the  machine  and  high  enough  to  show  a  little  of  the  top. 

22  A  background  of  heavy  drilling,  either  white  or  very  light  in 
color,  should  be  hung  not  less  than  6  ft.  back  of  the  machine.  It 
should  be  of  ample  size — large  enough  so  that  the  camera  can  be 
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moved  where  wanted  and  still  show  the  background  behind  every 
part  of  the  machine.  If  there  are  folds  or  wrinkles  in  the  back- 
ground, have  a  man  at  each  side  take  hold  of  the  edges  and  shake 
the  curtain  slowly  and  gently  during  the  whole  time  of  the  exposure. 
This  will  prevent  the  folds  or  wrinkles  from  showing  in  the  photo- 
graph. 

23  Shop  floors  are  dark  in  color,  and  if  a  machine  is  photographed 
directly  on  the  floor  it  is  often  puzzling  to  know  where  the  lower 
part  of  the  machine  ends  and  the  floor  begins.  Therefore  a  floor 
cloth  of  the  same  color  and  width  as  the  background  should  be  used. 
It  should  be  deep  enough  to  extend  from  4  to  6  ft.  in  front  of  the 


Fig.  6    Distortion  of  Fig.  4     Corrected  in  Reproduction 

machine  and  under  it  and  to  the  background.  This  will  define  the 
lower  parts  of  the  machine,  and  also  reflect  the  light  upwards,  soften- 
ing the  shadows.  Instead  of  a  floor  cloth,  sheets  or  strips  of  light 
colored  paper  can  be  used,  but  be  sure  there  is  no  pronounced  red 
or  yellow,  as  such  colors  are  non-actinic  and  will  show  black  in  the 
photograph. 

FOCUSING 

24  Never  focus  on  the  center  of  the  ground  glass,  as  this  will 
give  the  point  of  sharpest  focus  of  the  lens  and  what  is  wanted  is 
the  average  focus;  therefore  focus  at  a  position  midway  between  the 
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center  and  the  edges  of  the  ground  glass.  Get  the  nearest  parts  of 
the  machine  in  focus.  Small  diaphragms  will  sharpen  up  the  dis- 
tant parts. 

25  Sometimes  a  better  effect  can  be  obtained  by  pointing  the 
camera  slightly  downward,  but  if  at  any  time  the  camera  is  used  in 
any  other  than  a  level  position,  the  ground  glass  should  be  brought 
to  a  vertical  position,  otherwise  the  result  will  be  distorted  lines. 

26  Fig.  4  shows  a  distorted  view  of  a  part  of  the  side  of  a  building, 
made  by  pointing  the  camera  upward.     If  the  photograph  of  a 


Fig.  6    Camera  and  Negative  Holder  Arranged  so  as  to  Correct  Distor- 
tion Shown  in  Fig.  4 

machine  shows  such  distortion,  and  for  any  reason  it  can  not  be 
photographed  again,  a  negative  can  be  reproduced  eliminating  the 
distortion,  by  placing  the  negative  in  a  frame  tilted  at  such  an  angle 
that  the  narrowest  lines  are  nearest  the  lens,  and  making  a  positive 
in  the  camera,  tilting  the  ground  glass  at  an  equal  angle,  but  in  the 
opposite  direction.  A  negative  can  be  made  from  this  positive,  as 
shown  in  Fig.  5,  which  was  actually  made  from  a  negative  repro- 
duced in  the  above  manner  from  that  used  for  Fig.  4.  Notice  how 
much  the  top  of  the  negative  had  to  be  enlarged  to  bring  the  lines 
parallel. 
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27  Fig.  6  shows  a  camera  and  negative  holder  in  the  proper 
position  for  this  operation. 

28  If  the  machine  to  be  photographed  is  a  long  one,  requiring 
a  raking  view,  use  the  horizontal  swing  to  bring  that  part  of  the 
ground  glass  on  which  the  image  of  the  farthest  part  of  the  machine 
appears,  farthest  away  from  the  lens.  This  will  even  up  the  focus 
and  make  it  possible  to  use  a  larger  diaphragm,  shortening  the  time  of 


Fig.  7    Details  of  a  Dark  Shop  Brought  out  bt  Long  Exposure 

exposure,  and  also  extend  the  vanishing  point  to  a  greater  distance, 
giving  it  a  more  normal  perspective. 

29  If  there  are  perceptible  vibrations  to  the  floor  on  which  the 
photographing  is  done,  get  three  pieces  of  harness  felt  i  in.  thick, 
and  two  or  three  inches  square.  Place  one  of  these  on  the  floor  under 
each  leg  of  the  tripod,  and  they  will  absorb  all  ordinary  vibrations 
and  keep  the  camera  steady. 
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EXPOSURE 

30  Exposures  should  always  be  ample,  as  an  under-exposed  plate 
can  never  be  made  to  show  that  which  the  light  has  not  impressed 
upon  it  (although  it  can  be  greatly  helped  by  skillful  development), 
but  a  moderately  over-exposed  plate  can  easily  be  treated  in  develop- 
ment, or  even  afterwards,  so  as  to  yield  a  first  class  print.  Fig.  7 
is  an  illustration  of  details  brought  out  by  long  exposure  in  the 
dark  part  of  a  shop. 


FiQ.  8    Photograph  from  Negative  Taken  without  Special  Precautions 
AGAINST  Strong  Light — Strongest  Light  at  Far  End 

31  If  in  doubt  as  to  the  correct  time  of  exposure,  make  a  guess 
as  near  as  possible.  Suppose  your  guess  to  be  four  minutes,  then 
put  a  loaded  plate  holder  in  the  camera  and  draw  the  slide  so  as  to 
expose  two  inches  of  the  plate  and  make  an  exposure  of  two  minutes; 
cap  the  lens,  draw  the  slide  out  two  inches  more,  and  make  another 
exposure  of  two  minutes.  Repeat  this,  drawing  the  slide  two  inches 
at  a  time,  until  the  whole  plate  has  been  exposed. 
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32  If  the  plate  is  an  8  by  10,  there  will  be  five  parts  having 
respective  exposures  of  10,  8,  6,  4,  and  2  min.  each.  Develop  this 
plate,  and  it  will  be  easy  to  tell  which  part  has  had  the  proper  exposure, 
and  from  the  position  of  this  part  the  time  can  readily  be  found. 


INTERIORS 


33  In  photographing  interiors,  avoid  pointing  the  camera  toward 
windows  if  possible,  but  if  this  cannot  be  avoided,  then  cover  the 
windows  with  heavy  drilling  or  thick  wrapping  paper,  fastening  it 
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Fio.  9    Same  Ck)NDiTioN8  as  in  Fig.  8,  but  with  Strong  Light  in  Foreground 

well  around  the  edges,  so  that  no  bright  margins  of  light  are  visible. 
After  the  exposure  has  been  made,  the  window  coverings  can  be 
removed  and  an  additional  exposure  of  a  fraction  of  a  second  can 
be  given.  This  will  give  the  windows  a  natural  appearance  and  will 
often  show  objects  on  the  outside.  Interiors  can  be  photographed 
without  these  precautions,  but  skillful  work  will  be  required  to 
make  good  negatives. 

34  Fig.  8  and  9  were  made  on  a  very  bright  day  when  snow  was 
on  the  ground,  and  the  light  coming  in  the  windows  was  intensely 
white.     As  the  negatives  were  wanted  in  a  hurry,  no  precautions 
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were  taken  to  soften  or  stop  out  the  light  at  the  windows.  The  far 
end  of  Fig.  8  was  a  southern  exposure,  and  the  sunlight  was  stream- 
ing in  at  the  windows.  Fig.  9  is  a  view  in  the  same  room  taken  from 
the  south  end,  where  the  light  was  so  intense  that  the  milling  machine 
in  the  foreground  appears  light  in  color,  although  it  was  painted  a 
dark  steel  color. 

35  Fig.  10  shows  work  in  process  in  a  special  machine.  This 
was  made  on  the  same  day  as  Fig.  8  and  9,  and  with  the  camera 
pointed  directly  at  the  light.  To  work  successfully  under  such  con- 
ditions, the  photographer  must  know  to  a  nicety  just  how  long  a 


Fig.  10    Photograph  on  Same  Day  as  in  Fig.  8  and    9. 
Directly  towards  the  Light 


Camera  Pointed 


certain  kind  of  plate  may  be  exposed  before  halation  takes  place, 
and  just  how  to  get  the  best  results  in  development  from  the  shortest 
permissible  exposure. 

COPYING 

•  36  In  copying  drawings  or  other  subjects  in  black  and  white, 
it  is  necessary  to  use  a  very  slow  plate,  give  the  shortest  possible 
exposure,  and  use  a  concentrated  and  well  restrained  developer. 
Unless  this  is  done,  the  lines  of  the  drawing  will  not  be  clear  and 
sharp. 

37     If  a  copy  is  to  be  made  from  a  blue  print,  it  will  be  necessary 
.to  bleach  the  print  in  a  weak  solution  of  ammonia  and  water,  and 
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after  a  thorough  washing,  to  immerse  it  in  a  weak  solution  of  tannic 
acid.  The  part  that  was  formerly  blue  will  now  be  a  rich  purplish 
brown.  The  necessity  for  this  treatment  is  that  blue  is  an  actinic 
color,  and  a  negative  made  from  such  a  print  will  have  very  little 
contrast;  while  brown  is  a  non-actinic  color,  and  a  negative  made 
from  a  print  of  that  color  will  have  plenty  of  contrast. 
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Fig.  11     Photograph  of  Paper  Cutting  Machine,  Showing  Clutch  Mechan- 
ism TO  BE  Brought  out  by  Photographic  Methods 

ENLARGING   NEGATIVES 

38  A  negative  can  be  reproduced  in  a  larger  size  by  first  making 
a  positive  in  the  cop3dng  camera,  and  then  making  a  large  negative 
from  the  positive  by  the  use  of  the  same  instrument. 

39  If  a  negative  is  enlarged  to  many  times  its  original  size,  a 
granular  effect  will  be  noticed.    This  is  caused  by  magnification  of 
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the  emulsion  structure  which  is  made  up  of  countless  thousands  of 
hills  and  valleys.  This  granular  effect  can  be  eliminated  by  slightly 
over-exposing  and  greatly  over-developing  the  original  negative,  and 
then  reducing  it  to  the  proper  density.  The  positive  should  have  the 
same  treatment. 

40  Reduction  does  three  things: 

a  It  reduces  or  clears  the  shadows  faster  than  the  high  lights. 

Therefore  over-exposure  is  resorted  to  in  order  to  increase 

the  density  of  the  shadows  in  proportion  to  the  high 

lights,  so  that  they  shall  bear  proper  relation  to  each 

other  after  reduction. 
b  It  thins  the  density  of  the  negative  or  positive.    Therefore 

over-developing  is  resorted  to  in  order  to  have  resulting 

density  after  reduction, 
c  It  cuts  down  the  hills  to  the  level  of  the  valleys,  so  that 

very  little  if  any  granular  effect  is  noticeable  when  the 

emulsion  is  magnified. 

41  In  reproducing  negatives  either  in  the  original  or  a  larger  size, 
there  is  a  splendid  chance  for  what  may  be  termed  '']ocke3ring. " 
A  brilliant  negative  may  be  made  from  a  very  flat  one,  and  vice 
versa;  errors  in  perspective  can  be  corrected  by  the  method  shown  in 
Fig.  5;  unequal  Ughting  can  be  corrected  by  judicious  shading  during 
exposure,  and  various  effects  secured  by  an  ingenious  operator. 

X-RAY  OR  GHOST  PHOTOGRAPHS 

42  When  an  illustration  is  wanted  to  show  clearly  some  hidden 
interior  part  of  a  machine  in  relation  to  and  more  distinctly  than 
other  parts,  the  usual  procedure  is  to  have  a  wash  drawing  made  in 
India  ink,  from  which  the  half-tone  is  produced.  This  method  is 
always  expensive,  and  the  results. are  often  very  unsatisfactory. 

43  Fig.  11  shows  a  power-driven  machine  for  cutting  paper,  in 
which  the  power  is  transmitted  through  worm  gearing  and  a  positive 
clutch,  all  of  which  is  enclosed  in  an  oil  tight  case,  as  shown  at  the 
lower  left  hand  part  of  the  machine.  An  illustration  showing  the 
worm  and  worm  wheel  in  mesh  was  wanted. 

44  An  engraver  was  called  in,  who  said  he  could  do  the  job  in  a 
satisfactory  manner.  Blue  prints  showing  both  details  and  con- 
struction were  furnished  him  as  a  guide  to  size  and  shape  of  the 
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FiQ.  12    Photograph  of  Worm  and  Gear  with  Upper  Part  of  Case 

Removed 


Fio.  13    Exterior  of  Case  to  be  Photographed  on  Same  Plate  with  Fig.  12 
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various  parts,  and  their  appearance  when  assembled.  After  repeated 
attempts,  his  results  were  not  satisfactory,  and  it  was  decided  to 
rely  entirely  upon  photographic  methods  for  the  illustration. 

45  The  case  and  its  contents  were  removed  from  the  machine, 
and  mounted  on  a  box.  The  upper  part  of  the  case  was  taken  ofiF, 
leaving  the  worm  wheel  and  the  clutch  collar  exposed  to  view.  The 
worm  and  shaft  were  removed  from  the  upper  part  of  the  case  and 
placed  in  their  proper  position  in  relation  to  the  worm  wheel,  as 
shown  in  Fig.  12.  A  dark  back  ground  was  placed  in  the  rear  and 
an  exposure  was  made.  After  the  exposure  the  cap  was  put  on  the 
lens,  the  worm  and  shaft  taken  away,  and  the  upper  part  of  the 
case  put  in  position  as  in  Fig.  13.     A  light  back  ground  was  sub- 


FiG.  14    Result  of  Exposures  Fig.  12  and  13  on  Same  Plate 

stituted  for  the  dark  one,  and  another  exposure  made  on  the  same 
plate,  the  result  of  which  is  shown  in  Fig.  14. 

DEVELOPMENT 

46  Of  tne  art  of  development  mucfi  has  been  written,  and  more 
has  been  said,  but  the  fact  remains  that  the  only  adequate  teacher 
is  experience.  After  many  years  of  experience,  the  writer  would 
hesitate  to  attempt  to  tell  in  writing  how  to  handle  a  sensitive  plate 
in  development.  A  few  hints  however,  concerning  the  behavior  of 
certain  mixtures  of  developer,  may  be  of  service. 
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Too  weak  a  developer  makes  a  flat  thin  negative. 

Too  concentrated  a  developer  makes  a  negative  with  too 
much  contrast. 

Under-developing  makes  a  negative  lacking  in  printing  density. 

Over-developing  makes  a  thick  dense  negative  requiring  a 
very  long  time  to  print. 

An  under-exposure  should  be  developed  with  a  diluted  devel- 
oper. 

An  over-exposure  should  be  developed  with  a  concentrated 
developer  well  restrained  with  bromide  of  potash. 

Developers,  like  artists'  colors,  should  be  mixed  with  brains. 

Choose  a  moderately  slow  developer,  learn  how  to  use  it,  and 
don't  let  any  one  persuade  you  to  change  it. 

PRINTING 

47  Printing  can  be  done  in  so  many  ways  and  on  such  a  variety 
of  papers,  and  the  solutions  necessary  for  developing  and  toning 
require  such  care  in  compounding  and  handling,  that  it  can  in  most 
instances  be  better  and  more  cheaply  done  by  a  professional. 

DISCUSSION 

Dr.  C.  J.  H.  Woodbury  I  am  a  photographer  by  proxy  only,  but 
will  give  my  experiences  with  bright  metal  work,  in  having  photo- 
graphs made  of  machinery. 

2  Many  years  ago,  the  late  John  C.  Hoadley,  a  member  of  the 
Society,  extensively  advertised  the  portable  steam  engines  made  by 
him  at  Lawrence.,  Mass.,  by  means  of  photographs  for  which  the  fin- 
ished metal  work  \\aa  whitewashed,  giving  excellent  results. 

3  In  photographing  silver,  shaking  a  bag  of  cheese  cloth  contidning 
face  powder  near  the  articles  until  the  white  dust  has  settled  upon 
the  object  and  cut  off  the  glare,  has  given  more  satisfactory  detail 
than  the  putty  process,  as  putty  contains  yellow  tints  not  visible  to 
eye,  but  giving  in  a  photograph  noticeably  darker  effects  than  those 
of  silver.  Where  silverware  is  extensively  photographed,  the  articles 
are  arranged,  and  the  camera  focused;  then  they  are  removed  to  a 
refrigerator,  and  chilled;  on  being  replaced  in  position  the  moisture 
from  the  air  condenses  upon  the  cold  surfaces,  and  the  photo^apb 
is  taken  before  it  accumulates  into  drops. 
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4  Photographers  claim  to  obtain  the  best  results  with  small  dia- 
phragms, moderate  lights  and  long  exposures.  Interiors  containing 
much  detail  can  be  photographed  by  darkening  the  room,  drawing 
the  curtains,  closing  the  blinds,  and  giving  an  exposure  of  from  one  to 
two  hoiu^,  with  a  small  diaphragm,  after  which  the  camera  is  closed, 
and  the  blinds  are  opened  and  the  curtains  raised  to  admit  the  light, 
and  a  snapshot  is  taken,  using  a  larger  diaphragm;  the  result  will  be 
a  photograph  revealing  detidl  to  an  extent  not  possible  with  single 
exposure. 

5  A  public  building  decorated  for  a  civic  celebration  with  flags, 
bunting  and  many  incandescent  lights  was  successfully  photographed 
by  first  taking  an  insufficient  exposure  during  the  day,  and  then  with- 
out moving  the  camera  taking  another  exposing  during  the  electric 
illumination  in  the  evening,  with  the  result  that  the  building  was 
faintly  shown  in  the  photograph  much  as  it  appeared  to  the  observer 
in  the  evening. 

Mr.  Henry  B.  Binsse  I  would  like  to  take  issue  with  the  author 
about  one  point — he  says  that  the  machinery  should  be  painted  a 
drab  color.  Of  course  I  have  not  had  as  much  experience  as  he, 
but  the  best  results  which  I  have  ever  obtained  have  been  from  paint- 
ing the  machines  a  salmon  pink.  The  efifect  of  drab  color  was  to 
make  a  machine  look  flat,  while  if  painted  a  warm  color  the  parts 
stand  out  more  and  a  clearer  picture  is  secured. 

Mr.  Charles  W.  Hunt  In  connection  with  Mr.  Hand's  paper  it  may 
be  of  interest  to  submit  a  record  of  some  experiments  made  by  the 
writer  for  the  purpose  of  estimating  the  proper  time  of  exposure  for 
dry  plate  photography.  The  following  tables  are  based  on  this  series 
of  experiments.  As  a  preliminary  step  the  altitude  of  the  sun  was 
calculated,  for  each  hour  of  the  day  from  sunrise  to  sunset,  on  the 
first  day  of  each  month  in  the  year,  and  the  results  plotted. 

2  In  June  1905  a  series  of  exposures  was  made  with  a  Watkins 
exposure  meter  at  each  hour  of  the  day,  and  a  tentative  table  of  the 
relative  exposure  time  for  each  hour  from  sunrise  to  simset  was  made. 
Using  this  tentative  table  a  series  of  similar  exposures  was  made 
with  dry  plates.  The  plates  were  each  developed  the  same  length  of 
time  and  in  the  same  strength  of  developer.  From  these  tests  the 
tabular  time  was  corrected* 
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3  A  table  was  then  made  giving  the  estimated  time  of  exposure 
for  each  hour  of  the  first  day  in  each  month  in  the  year,  basing  the 
time  of  exposure  largely  upon  the  tests  and  the  altitude  of  the  sun  in 
the  different  months.  During  the  ensuing  year  this  table  was  tested 
from  month  to  month,  and  revised  as  experience  indicated,  in  order 
to  get  the  best  attainable  negative  at  any  hour  of  the  day  in  any 
month  of  the  year.  The  present  table  is  derived  from  the  results  of 
the  above  tests,  with  the  formulae  corrected  to  correspond  to  expos- 
ures made  on  Eastman  films  of  the  current  year  1908. 

4  The  time  for  a  theoretically  perfect  exposure,  that  will  result 
in  the  best  printing  negative  that  the  subject  will  give,  cannot  be 
expected  from  any  formula  that  takes  into  consideration  only  the 
most  prominent  factors  affecting  the  problem.  These  rules  may,  how- 
ever, be  expected  to  give  a  reasonably  close  approximation  to  a  per- 
fect exposure. 

5  In  making  exposures,  where  it  is  unusually  important  to  secure 
a  good  negative,  and  the  exposure  cannot  be  repeated,  proceed  as 
follows:  Compute  the  proper  exposure  by  the  formula.  Then  give 
three  exposures:  (1)  The  first  expoem^  with  time  as  computed; 
(2)  The  second  with  one-half  the  computed  time;  (3)  The  third  with 
double  the  computed  time. 

6  For  less  important  cases,  but  where  great  uncertainty  exists  as 
to  the  proper  time  of  exposure,  proceed  as  above,  but  make  only  two 
exposures,  the  slowest  and  the  fastest,  omitting  the  computed  time 
exposure.  The  latitude  of  the  plate  will  give  a  satisfactory  negative 
if  the  theoretically  perfect  time  of  exposure  lies  within  very  wide 
limits. 

7  An  exposure  should  not  be  made  in  a  fog,  and  in  hazy  weather 
only  of  nearby  subjects.  Good  negatives  may  be  made  during  a 
shower  if  the  weather  is  otherwise  clear.  Generally,  if  contrast  in  the 
negative  is  desired,  "  imderexpose;"  if  definition  in  the  shadows  is 
wanted,  "  overexpose."  When  in  doubt^  it  is  safer  to  "  overexpose." 
Stops  number  64  or  128  are  excellent  for  general  outdoor  exposure; 
number  32  or  16  for  indoor  work.  If  it  is  desirable  to  emphasize  a 
specific  part  of  a  machine  focus  carefully  with  a  large  stop  and  shorten 
the  exposure  to  correspond  with  the  stop. 

8  The  following  formulae  and  tables  are  based  on  normal  light 
conditions  and  ordinary  subjects.  If  either  or  both  are  abnormal,  the 
operator  must  make  an  allowance  in  the  duration  of  exposure  as 
computed  by  coeflScients  from  Tables  1, 2  and  3. 
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TABLE    1    COEFFICIENTS    (A)   FOR   PHOTOGRAPHIC   EXPOSURES   IN  THE 
LATITUDE  OF  NEW  YORK 


Month 


HouB  or  THB  Day 


j  7  to  8  or 
5  to  6 


8  to  9  or 
4  to  5 


0  to  10  or   10  to  11  or 
3  to  4         2  to  3 


II  tLm, 
12  m. 
1  pan. 


January — ^Deoember. . . 
February — November. 

March — October 

April — September 

May — ^August. ...;.... 
June — July 


2 

4 
5 
6 
8 
10 


4 

6 

5 

7 

6 

8 

9 

12 

12 

18 

16 

24 

7 
8 
12 
18 
28 
32 


TABLE  2    WEATHER  COEFFICIENTS   (B) 


Clear,  sunshiny  weather 

Floating,  white  fleecy  clouds. 
Overcast,  but  a  light  day. . . . 

Cloudy,  dull  day 

Lowery,  heavy  clouds 


1. 

1. 

1.5 

2. 

4. 


TABLE  3    SUBJECTS:  COEFFICIENT  (T) 


Shop  interior,  dark  and  poorly  lighted 

Shop  machinery,  fairly  well  lighted 

Shoi>  machinery,  placed  near  a  good  window  light 

Machinery  under  sheds  with  one  side  open,  or  covered  areas. 

Machinery  outdoors  to  give  details  in  the  shadows 

Machinery  outdoors,  general  views 

Groups,  or  portraits  outdoors 

Buildings  and  nearby  landscape 

Distant  structures  or  landscape  views 


1000. 

400. 

150. 

15. 

2. 

1.5 

1. 

1. 

0.5 


TIME   EXPOSURE 


9     Assume  a  stop  suitable  for  the  subject  and  call  it  H;  then  the 
seconds  to  expose  will  be: 

H  X  B  X  T 

=  seconds  exposure  for  an  H  stop  (1) 


32  X  A 


BULB    EXPOSURE 


10    A  "  quick"  bulb  exposure  is  a  time  exposure  of  about  1  to  J  sec. 

To  compute  the  number  of  the  lens  stop  use  the  formula: 

8  X  A 

- — -  =  stop  for  a  "quick"  bulb  exposure  (2) 

Mr.  H.  H.  Suplee  I  have  used  with  a  good  deal  of  success 
flashlight  powder  in  connection  with  daylight,  to  emphasize  the  dark 
part  of  a  machice;  where  it  is  impossible  to  get  proper  light  on  small 
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parts;  a  small  flashlight  discharged  out  of- the  field  so  as  to  reflect  the 
light  on  the  machine  will  supplement  time-exposure  and  bring  out  the 
parts  which  would  not  otherwise  be  visible. 

2  My  own  experience  is  that  it  is  almost  impossible  to  compute 
the  time  of  exposure  with  any  accuracy  when  there  are  so  many  varia- 
bles. The  amount  of  light  has  to  be  estimated  always,  and  in  my 
opinion  the  best  plan  is  to  use  a  moderately  slow  plate  and  give  a  long 
exposure.  If  the  plate  is  developed  with  a  long  development,  you  will 
get  detail  which  you  could  hardly  calculate  or  compute  by  attempt- 
ing to  work  at  any  definite  time  of  exposing. 

3  Photography  has  been  put  to  very  important  uses  in  engineering 
work  lately,  in  connection  with  moving  picture  machines.  We  saw 
last  night  moving  pictures  showing  the  operation  of  a  modem  flying 
machine.  They  have  also  been  used  to  show  the  operations  in  the 
workshop,  by  mounting  the  machine  on  a  car,  and  running  the  car 
at  moderate  speed,  and  the  picture  machine  at  full  speed,  through  the 
shop,  the  result  being  a  lesson  on  shop  practice,  which  can  be  used  in  a 
course  of  lectures  more  effectively  than  any  other  possible  means. 

4  Several  years  ago  I  suggested  the  possibilities  of  the  moving- 
picture  machine  as  a  means  of  engineering  investigation.  Itis possible 
to  run  the  machine  very  rapidly  and  get  a  succession  of  pictures  that 
represent  a  very  short  duration  in  making  the  strip.  This  film  can 
then  be  run  through  the  picture  machine  at  a  speed  much  slower, 
with  the  result  that  an  operation  so  quick  as  to  be  imperceptible  to 
the  eye  is  slowed  down  so  as  to  be  readily  examined.  I  have  made 
no  experiments,  but  I  think  it  is  possible,  for  instance,  to  photograph 
a  fracture  of  a  piece  in  the  testing  machine,  occupying  only  a  few 
seconds  at  the  critical  moment,  so  rapidly  in  an  artificial  light  on  a  con- 
tinuous film,  that  it  could  later  be  thrown  on  the  screen  and  slowed 
down  so  that  the  whole  sequence  of  rupture  would  be  plainly  visible*. 
Many  other  applications  will  suggest  themselves  for  studying  phe- 
nomena altogether  too  rapid  to  be  examined  by  the  eye.  I  believe 
these  matters  are  likely  to  be  applied  to  the  laborator}-,  and  possibly 
to  workshop  operation. 

5  Another  use  is  that  of  keeping  a  record  of  the  progress  of  work, 
a  record  which  cannot  be  disputed;  this  is  often  applied  by  contractors 
and  builders  day  by  day,  to  keep  a  record  of  the  operation  of  buildings, 
etc. 

6  Another  use  of  photography,  which  I  employed  a  number  of 
years  ago  with  a  good  deal  of  success,  is  for  preserving  a  record  of 
valuable  drawings  in  a  limited  space.     A  full  set  of  complete  double 
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elephant  drawings  of  a  whole  line  of  machines  were  photographed 
down  to  6^  by  8^  in.,  and  a  set  of  prints  were  made,  which  formed  a 
parcel  that  could  readily  be  put  away  in  a  safe  deposit  drawer.  In 
the  case  of  the  destruction  of  the  originals  by  fire,  these  could  be 
enlarged  back  to  the  original  dimensions,  and  thus  a  perfect  fire  insur- 
ance is  obtained  for  a  valuable  set  of  drawings. 

Dr.  C.  J.  H.  Woodbury.  As  an  example  of  the  use  of  photography 
to  represent  the  operation  of  machinery,  the  makers  of  a  magazine 
loom  which  contained  many  new  and  important  features  had  a 
series  of  moving  pictures  taken  showing  one  of  these  looms  in  opera- 
tion, and  half-tone  plates  were  engraved  from  these  continuous 
negati\res. 

2  These  half-tones  were  printed  on  a  series  of  small  cards  hinged 
together  and  placed  in  a  small  portable  device  resembling  a  stereo- 
scope so  that  by  turning  a  crank  the  pictures  were  revealed  in  rapid 
sequence,  and  one  could  see  the  loom  operating  at  normal  speed, 
or  by  turning  the  crank  very  slowly,  the  various  operations  of  the 
mechanism  could  be  noted  in  a  way  not  possible  of  observation 
when  the  machine  was  in  its  normally  rapid  operation.  Many  of 
these  sets  of  illustrating  devices,  which  were  merely  those  used  for 
a  long  time  in  moving-picture  shows,  were  placed  in  the  hands  of 
salesmen  and  were  doubtless  the  cause  of  the  rapid  introduction  of 
this  loom. 

3  At  the  other  extreme,  photography  has  been  used  to  analyze 
very  slow  motions,  as  for  example,  a  growing  plant,  which  was 
photographed  day  after  day,  the  results  when  put  in  a  moving-pic- 
ture machine  giving  the  method  of  extension  of  the  plant.  About 
twenty  years  ago,  the  late  Col.  W.  E.  Barrows,  a  member  of  the 
Society,  built  a  mill  at  Willimantic  which  contained  a  great  many 
novel  and  original  features.,  and  weekly  photographs  were  taken  and 
sent  to  members  of  the  board  of  directors  to  illustrate  the  progress 
of  the  work. 

4  When  one  of  the  recent  half-encyclopedias  and  half-dictionaries 
was  in  process  of  preparation,  a  great  many  of  the  more  valuable 
manuscripts  were  photographed  down  to  about  the  size  of  a  postage 
stamp  for  a  page,  and  the  negatives  of  the  photographs  were  kept 
in  a  safe-deposit  vault.  These  instances  merely  indicate  that  the 
dry-plate  method  of  photography  has  placed  in  the  hands  of  laymen 
without  the  expensive  plant  and  skill  of  the  old-time  photographer, 
the  ability  to  show  things,  as  the  auUior  stated,  as  'Ubey  are"  and 
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to  give  a  true  record  of  the  progress  of  work  or  the  existence  of  any 
forms  of  machines  op  other  objects. 

Mr.  Ambrose  Swasey  complimented  Mr.  Hand  on  his  photographs 
of  machinery  and  interiors  and  pronounced  the  paper  of  very  great 
value  to  the  Society. 

The  Author  The  use  of  face  powder  as  well  as  of  refrigeration, 
in  photographing  articles  of  silver,  is  new  to  me,  but  I  think  either 
would  be  excellent  for  the  purpose. 

2  Whether  small  diaphragms,  moderate  lights  and  long  exposures 
produce  the  best  results,  will  depend  on  the  amount  of  contrast  in 
the  subject  to  be  photographed.  Size  of  diaphragm  and  length  of 
exposure  must  be  governed  entirely  by  conditions  and  no  set  rule 
can  be  given  governing  their  relation  to  each  other. 

3  The  methods  of  making  photographs  of  illuminated  buildings 
and  of  interiors,  have  been  successfully  practiced  for  years. 

4  Painting  machinery  a  salmon  pink  would  be  all  right  for 
photographing  in  a  very  subdued  light  I  have  never  had  any 
trouble  in  getting  plenty  of  contrast  with  machinery  painted  a  drab 
color.  In  fact,  I  have  to  give  long  exposures  to  avoid  too  much 
contrast. 

5  Mr.  Hunt  has  gone  into  the  matter  of  exposures  very  thoroughly, 
but  he  has  left  out  of  his  table  of  weather-coefficients  one  very 
important  condition  of  light,  and  that  is  its  color.  A  day  may  be 
clear  and  sunshiny,  but  if  the  light  is  yellow  an  exposure  of  four  to 
ten  times  that  deduced  from  his  formula  may  be  necessary.  Expo- 
sure-tables are  all  right  for  the  first  guess,  but  any  one  of  the  many 
factors  to  be  taken  into  consideration  may  so  upset  all  other  calcu- 
lations that  experienced  photographers  have  never  used  them  to 
any  extent. 

6  The  use  of  flash-powder  in  connection  with  daylight  exposures 
to  emphasize  dark  parts  of  machines,  is  all  right,  providing  there  are 
no  projecting  parts  to  cast  shadows.  Shadows  cast  by  flash-light 
are  very  intense. 

7  For  the  successful  use  of  a  moving-picture  machine  in  the  shop, 
the  shop  must  be  a  very  well-lighted  one,  or  a  lens  with  an  enormously 
large  opening  in  proportion  to  its  focal  length  must  be  used. 

8  I  have  been  asked  if  I  have  had  any  experience  in  showing  by 
photography  whether  buildings  were  plumb  or  not.  An  interesting 
experience  that  I  had  several  years  ago  will  serve  as  an  answer. 
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9  While  the  Bourse  Building  in  Philadelphia  was  in  course  of 
construction,  a  man  asked  me  to  photograph  the  steel  structure  which 
had  just  been  erected.  I  found  he  was  one  of  the  kind  of  men  who 
write  for  the  daily  press  on  all  sorts  of  civic  questions,  signing  them- 
selves "Pro  Bono  Publico,"  or  something  of  like  nature.  By  great 
difficulty  we  obtained  a  position  on  top  of  a  building  where  we  could 
get  a  good  view  of  the  steel  w6rk.  After  getting  my  position  and 
focusing  the  camera,  I  asked  what  he  wanted  the  photograph  to 
show.  He  said  the  steel  work  was  out  of  plumb  and  he  wanted  the 
photograph  to  show  it.  I  turned  to  him  and  said,  "Which  way  do 
you  want  it  out  of  plumb?    I  will  make  it  either  way  you  want  it." 
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THE    PHYSICAL    PROPERTIES    OF   CARBONIC 

ACID  AND  THE  CONDITIONS  OF  ITS 

ECONOMIC  STORAGE  FOR 

TRANSPORTATION 

By  Prof.  Reid  T.  Stewart,  Pittsburg,  Pa. 
Member  of  the  Society 

The  accompanying  tables  and  charts  show  in  condensed  form 
the  results  of  a  recent  investigation  into  the  Physical  Properties  of 
Carbonic  Acid.  They  furnish  the  data  necessary  in  investigating 
the  strength  and  safety  of  existing  carbonic  acid  cylinders,  and  in  the 
design  of  new  cylinders  on  a  safe  and  economic  basis.  The  value 
of  these  tables  will  be  apparent  when  it  is  considered  that  each  of  the 
hundreds  of  thousands  of  the  cylinders  now  in  use  becomes,  when 
charged,  a  reservoir  of  stored  energy,  which  would  in  all  probability 
cause  loss  of  both  life  and  property  should  rupture  occur. 

2  These  tables  also  furnish  suflScient  data  for  determining  the 
conditions  that  render  the  weight  of  the  containing  cylinder  a  min- 
imum, and  thus  make  it  possible  to  arrive  at  the  conditions  of  the 
most  economic  storage  and  transportation  of  the  acid. 

3.  All  previously  published  tables  of  carbonic  acid  are  wholly 
inadequate  for  the  making  of  even  the  simplest  engineering  calcula- 
tions involving  the  economic  storage  and  transportation  of  the  gas. 
For  example,  the  Report  to  the  British  Parliament,  in  1896,  of  the 
Committee  on  Compressed  Gas  Cylinders,  generally  recognized  as 
containing  the  most  authoritative  data  relating  to  the  physical  proper- 
ties of  carbonic  acid,  is  wholly  unreliable  in  its  principal  table,  page  19, 
for  temperatures  exceeding  86  deg.  fahr. 

4  It  is  believed  that  the  results  of  the  present  investigation  make 
it  possible  for  the  first  time  to  state  positively  the  conditions  under 
which  the  weight  of  the  containing  cylinder  will  be  a  minimum  for 

Presented  at  the  New  York  Meeting  (December  1908)  of  The  American 
Society  of  Mechanical  Engineers. 
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the  customary  conditions  of  storage  and  transportation  of  carbonic 
acid. 

5  In  Part  I  of  this  paper  the  tables  and  charts  show  the  phys- 
ical properties  of  pure  carbon  dioxid  and  are  based  upon  three  things: 
First,  the  average  of  the  values  obtained  by  Lord  Rayleigh  and  by 
Leduc  for  the  weight  in  grams  of  one  liter  of  purified  and  dried  carbon 
dioxid,  COj,  under  standard  conditions;  second,  the  adjusted  results 
of  Amagat's  classical  experiments  showing  the  precise  manner  in 
which  carbon  dioxid  differs  in  its  physical  actions  from  the  laws  of 
a  perfect  gas;  and,  third,  the  direct  application  of  certain  fundamental 
physical  relations  and  of  mathematical  and  graphical  analyses. 

6  In  Part  II  is  given  the  results  of  the  author's  experiments  on 
commercial  carbonic  acid  contained  in  commercial  steel  cylinders. 

7  In  Part  III  is  given  a  rational  method  of  designing  commercial 
carbonic  acid  cylinders. 

PART  1.    THE  PHYSICAL  PROPERTIES  OF  CARBONIC 

ACID 

8  All  the  experimental  data  relating  to  this  subject,  so  far  as  avail- 
able, have  been  collected  and  compared.  As  a  proper  account  of 
this  alone  would  fill  a  paper  much  larger  than  the  present  one,  only 
the  specific  data  used  as  a  basis  for  these  new  tables  and  charts  will 
be  given.  It  should  be  stated,  however,  that  all  the  data  selected 
for  use  are  of  the  most  reliable  character,  the  original  memoirs  of 
the  experimenters  in  every  case  having  been  critically  examined. 

9  All  data  used  have  been  checked  and  adjusted  by  being  plotted 
to  a  large  scale  on  millimeter  co5rdinate  paper,  by  which  means 
three  important  clerical  errors  were  discovered  and  corrected  in 
Amagat's  original  memoir.  Numerous  slight  adjustments  of  these 
data  were  made  in  order  to  have  them  plot  precisely  on  smooth  curves. 
While  making  these  slight  adjustments,  great  care  was  taken  in 
every  case  to  have  the  resulting  values  follow  the  apparent  law  of 
change. 

Weight  op  Carbonic  Acid  Gas  under  Standard  Conditions 

10  The  weight  of  carbon  dioxid,  COj,  known  commercially  as 
carbonic  acid  gas,  in  grams  per  liter,  under  the  standard  conditions 
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of  one  atmospheric  pressure  and  0  deg.  cent,  has  heretofore  been 
arrived  at  by  two  distinctly  different  methods,  giving  appreciably 
different  results.  These  are,  first,  by  the  direct  or  physical  method 
and,  second,  by  the  indirect  or  chemical  method. 

THE   DIRECT  OR   PHYSICAL  METHOD 

11  By  this  method  the  weight  of  a  certain  volume  of  carbon 
dioxid  is  directly  compared  with  the  weight  of  the  same  volume  of 
a  gas  of  known  mass.  For  the  most  accurate  determination  this 
latter  gas  has  been  either  air  freed  from  moisture  and  carbonic  acid, 
or  else  purified  and  dried  oxygen. 

12  The  most  reliable  values  thus  far  obtained  for  the  density  of 
purified  and  dried  carbon  dioxid,  under  standard  conditions,  are  the 
following: 


TABLE  A    DENSITY  OF  CARBON  DIOXID 


Density  of  carbon  dioxid 

For  air  -  1 

For  oxygen  «  1 

According  to  Lord  Ragdei^ii 

1.6291 
1.6287 
1.6289 

1.3833 

According  to  Loduo' r 

1.3832 

Average  of  these  values 

1.3833 

13  The  most  reliable  values  for  the  weight  in  grams  of  a  liter  of 
air,  when  freed  from  moisture  and  carbonic  acid,  also  of  purified  and 
dried  oxygen,  under  760  mm.  pressure  and  0  deg.  cent,  are  as  follows: 


TABLE  B    WEIGHT  OF  AIR 


Weight  of  air 


At  Paris 


46  deg.  latitude  and 


According  to  Lord  Rayleigh* 1 .29327 

According  to  Leduo? |  1.29316 

Average  of  these  values I  1.2932 


1.29284 
1.29273 
1.2928 


1  Proceedings  Royal  Society,  vol.  62.  p.  209, 1897 

3  Comptes  Rendus,  vol.  126. .  p.  416. 1898 

s  Annales  de  Chimie  et  de  Physique,  vol.  16.  p.  26.  1898 
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TABLE  C    WEIGHT  OF  OXYGEN 


Weight  of  oxygen 

At  Paris 

45  deg.  latitude  and 
sea  level 

According  to  Lord  Rayleighi 

1.42952 
1.42867 
1.4291 

1.42906 

According  to  Leduc' 

1.42820 

Average  of  th^e  values 

1.4280 

>  Proc.  Roy.  Soc. .  vol.  62.  p.  209.  1897. 

*  Annales  de  Chimie  et  de  Physique,  vol.  15,  p.  26, 1898. 

14  The  weight  in  grams  then  of  one  liter  of  purified  and  dried 
carbon  dioxid,  at  0  deg.  cent.,  760  mm.  pressure,  45  deg.  latitude  and 
sea  level, 

When  referred  to  air  =  1.5289   X  1.2928  =  1.9765. 

When  referred  to  oxygen    =1.3833    X  1.4286  =  1.9762. 
Average  of  these  values  =  1.976. 

This  is  the  value  that  has  been  used  in  the  preparation  of  the  tables 
and  charts  contained  in  this  paper,  for  the  weight  of  carbonic  acid 
gas  under  standard  atmospheric  conditions. 

15  It  should  be  noted  here  that  all  the  other  experimental  data 
used  were  taken  from  Amagat's  classical  experiments  on  the  physical 
properties  of  carbonic  acid.     See  Tables  E,  F  and  G. 

THE   INDIRECT   OR   CHEMICAL   METHOD 

16  Most  of  the  standard  works  containing  physical-chemical 
tables  give  a  value  for  the  weight  of  carbon  dioxid  calculated  from 
the  atomic  weights  of  its  constituents.  For  example,  on  page  223 
of  Physikalisch-Chemische  Tablen,  Landolt-Bornstein,  Berlin,  1905, 
we  find  the  weight  of  carbon  dioxid,  under  standard  conditions, 
stated  to  be  1.965  g.  per  liter,  a  value  that  differs  appreciably 
from  1.976  as  above  obtained  by  the  direct  or  physical  method. 
While  it  is  not  stated  how.  this  value  by  Landolt-Bdrnstein  was 
obtained,  it  was  evidently  arrived  at  in  the  following  manner: 

17  The  molecular  weight  of  carbon  dioxid,  COj,  on  the  basis  of 
the  atomic  weight  of  oxygen  =  16,  will  of  course  result  from  taking 
the  sum  of  the  atomic  weight  of  carbon  and  twice  that  of  oxygen, 
which,  according  to  the  Table  of  International  Atomic  Weights  for 
1907,  will  be  44.00.  Now  by  dividing  one-half  the  molecular  weight 
of  carbon  dioxid  by  the  atomic  weight  of  oxygen  we  get  22.00  -5-  16  = 
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1.375;  which  by  this  method  should  be  the  density  of  carbon  dioxid 
when  that  of  oxygen  is  taken  as  one.  This  corresponds  to  1.3833  as 
obtained  above  by  the  direct  or  physical  method.  Now  using  the 
same  weight  as  before  for  a  liter  of  oxygen  under  standard  conditions, 
we  get  by  the  chemical  method,  in  grams  per  liter,  under  standard 
conditions,  the  weight  of  carbon  dioxid  to  be  1.375  X  1.4286  =  1.964; 
which  corresponds  to  1.976  as  above  obtained  by  the  direct  or  phys- 
ical method.  Since  this  value  differs  by  only  one  milligram  from 
that  given  by  Landolt-Bornstein,  it  is  safe  to  assume  that  their  value 
was  calculated  directly  from  the  molecular  weight  of  the  gas. 

18  Because  of  the  deservedly  great  esteem  in  which  this  very 
extensive  and  excellent  set  of  tables  is  held  by  chemists  throughout 
the  world,  this  value  has  heretofore  been  practically  universally 
accepted,  notwithstanding  the  fact  that  preference  should  have  been 
given  to  the  values  obtained  by  the  direct  or  physical  method,  as 
will  appear  in  what  follows. 

COMPARISON   OF  THE  TWO   METHODS 

19  A  careful  study  of  the  direct  or  physical  method  has  disclosed 
no  inherent  reason  why  there  should  be  any  errors  in  the  results 
obtained  other  than  those  due  to  the  purely  instrumental  and  obser- 
vational inaccuracies. 

20  A  similar  study  of  the  indirect  or  chemical  method,  however, 
has  disclosed  the  fact  that  this  method  will  of  necessity  give  results 
that  approximate  to  the  truth  just  in  proportion  as  the  gas  under  con- 
sideration approximates  to  a  perfect  gas.  Now  it  is  well  known  that 
carbon  dioxid  a&  compared  with  oxygen,  both  being  under  standard 
conditions,  is  very  much  nearer  its  liquefying  state.  It  must  there- 
fore approximate  less  closely  to  the  state  of  a  perfect  gas  than  does 
the  oxygen  whose  mass  has  been  used  in  the  calculation  of  the  weight 
of  the  carbon  dioxid.  On  the  International  Atomic  Weight  basis 
of  oxygen  =  16,  therefore,  carbon  dioxid  should  actually  have  a  some- 
what less  volume  and  a  correspondingly  greater  density  than  that 
obtained  in  the  customary  way  by  calculation  from  its  molecular 
weight. 

21  That  carbon  dioxid  is  in  this  respect  no  exception  to  the  gen- 
eral rule  followed  by  other  gases  having  relatively  high  critical  tem- 
peratures is  evident  from  an  examination  of  Table  D  and  Fig.  A, 
which  show  for  nine  well  known  gases,  whose  densities  have  been 
accurately  determined  by  direct  weighing,  that  there  is  a  well  defined 
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them.  In  1853  he  went  to  New  York  and  arranged  the  exhibition  in 
Reservoir  Square,  acting  as  commissioner  of  juries.  In  1854  he  went 
to  Springfield,  Mass.,  and  finished  building  a  cotton  mill  at  Indian 
Orchard,  installing  the  machinery  and  operating  it  for  fotir  years  as 
the  Ward  Manufacturing  Company.  In  1858  he  went  to  Manchester, 
N.  H.,  as  manager  of  the  Manchester  Print  Works,  remaining  there 
until  1864j  when  he  resigned  to  take  charge  of  the  Portsmouth  Steam 
Mill,  manufacturing  spool  cotton.  While  there  Mr.  Webber  in  com- 
pany with  J.  S.  Davis  of  Holyoke,  Mass.,  and  Phineas  Adains  of  Man- 
chester, N.  H.,  callai  the  first  meeting  for  the  formation  of  the  New 
England  Cotton  Manufacturers*  Association.  Early  in  1S61  he  was 
commissionefl  colonel  and  aidenle-camp  on  the  staffof  Governor  Berry 
of  New  Hampshire  and  was  commissioned  to  equip  and  command  the 
First  New  Hampshire  Light  Batterj' in  May  1861,  Colonel  Webber 
went  tf>  Washington  with  this  battery  and  the  Fourth  New  Hamp- 
shire Infantry  in  October  1861,  and  turned  over  the  troops  to  the 
United  States  government. 

In  1865  Colonel  Webber  did  a  large  amount  of  engineering  work  dur- 
ing the  autumn  and  winter  for  the  owners  of  the  water  power  at  Bellows 
Falls,  Vt.,  measuring  the  flow  of  water  there.  In  1870  he  collated 
the  returns  of  the  industrial  division  of  the  census  at  Washington. 
In  1871  he  took  up  the  question  of  the  measurement  of  power,  measur- 
ing by  djmamometer  the  power  used  by  cotton  and  other  machinery, 
indicating  steam  engines,  testing  turbines,  meatsuring  waterflowj 
examining  water  privileges  and  acting  as  expert  in  power  cases  in 
court.  Colonel  Webber  was  one  of  the  judges  of  the  cotton  and  cot- 
ton machinery  group  at  the  Centennial  Exhibition  at  Philadelphia  and 
prepared  many  of  the  reports  and  data  anri  was  one  of  the  judges  at- 
the  Atlanta  Exhibition  in  1880.  He  was  the  author  of  many  techni- 
cal articles  and  he  also  wrote  many  interesting  sketches  of  outdoor 
life  which  have  been  published  in  Forest  and  Stream^  and  other 
magazines. 

AHVY  ELROY  VTELLBAUM 

Arvy  Elroy  Wellbaum  was  born  February  12,  1881,  at  Brook* 
ville,  Ohio,  where  he  attended  the  high  school*  He  studied  at  the 
Ohio  Northern  University,  Ada,  Ohio,  for  one  year,  and  received 
the  degree  of  M.R  in  1902  from  Ohio  State  University.  During 
the  summer  vacations  he  was  in  the  employ  of  the  C.  &  G*  Cooper 
Co.,Mt.    Vernon,  Ohio,  and  Piatt  Iron  Works  Co.,  Dayton,  Ohio* 

In  1902  he  became  draftsman  for  the  Morgan  Engineering  Co., 
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AHiance,  Ohio.  He  becain  econnected  with  the  Foos  Manufacturing 
Co.,  Springfield,  Ohio,  in  1903,  ss  designing  draftsman,  and  in  1905 
he  accepted  a  simiJar  position  with  the  Fogs  Gas  Engine  Co.,  Sprinf- 
fiekl  For  three  years  he  was  instructor  of  mechanical  drawing 
and  machine  design  in  the  Young  Men's  Christian  Association  of 
Springfield,  Up  to  the  time  of  his  death,  August  31,  1908,  he 
was  associated  with  the  Hydraulic  Press  Co.,  Mt.  Gilead,  Ohio, 
having  had  charge  of  the  engineering  department. 

GEORGE  W.  WEST 

George  Washington  West  died  at  his  home  in  Middletown,  N.  Y,, 
December  24,  1908,  He  was  born  April  3,  1847,  at  Troy,  N\  Y-,  and 
received  liis  early  education  in  the  public  schools  of  that  city,  lo 
1865  he  entered  the  service  of  the  New  York  Central  &  Hudson 
River  Railroad  at  Schenectady,  as  machinist,  and  was  later  made 
foreman  and  master  mechanic,  leaving  this  position  to  accept  a  similar 
one  with  the  West  Shore. 

In  1SS6,  he  entered  the  employ  of  the  New  York,  Lake  Erie  and 
Western,  now  the  Erie,  as  master  mechanic  of  the  Mahoning  division; 
was  later  transferred  to  the  main  shops  at  Meadviile,  Pa.,  and  in  IdSS 
to  the  Eastern  division.  From  1891  until  the  time  of  his  death  he 
held  the  position  of  superintendent  of  motive  power  of  the  New  York, 
Ontario  and  Western. 

Rlr.  West  was  past-president  of  the  American  Railway  Haater 
Mechanics  Association,  a  member  and  past-president  of  the  New  York 
Railroad  Club,  and  past-president  of  the  C^entral  Railway  Club.  He 
was  a  member  of  the  Masonic  order  and  the  order  of  Efe.  The 
George  W^  West  Association  of  Engineers  at  Carbondale  was  named 
for  him.  He  was  also  a  director  of  the  First  National  Bank  of  Middle- 
town,  president  of  the  Ontario  and  Western  Savings  and  Loan  Aseocin- 
tion,  a  member  of  the  ^Oddletown  Club  and  a  member  of  the  Board 
of  Water  Commissioners. 
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